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NOTATION 


Xp \ 

Yp j Cartesian coordinates in the reference working section 
Zp J (porthole axis) 

M 

Y \ Cartesian coordinates in the wing reference (leading 

Z J edge to socket) 

C Profile chord of the wing section considered 

oL Angle of the model (fuselage axis) 

Mo Infinite Mach upstream of the flow 

M Local Mach (wing or wall) 

p-po 

K P ... 

l p Vo Pressure coefficient 

2 '* 

Cz Local or complete-wing lift coefficient 
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TESTS WITH THREE-DIMENSIONAL ADJUSTMENTS IN THE RECTANGULAR 
WORKING SECTION OF THE FRENCH T2 WIND TUNNEL, WITH AN 
AS 07-TYPE SWEPT-BACK WING MODEL 

A. Blanchard, M. J. Payry, J. F. Breil 


1 INTRODUCTION 


/ 7 * 


This test series follows a study done in the T2 wind tunnel 
with the goal of defining a shape for the adaptable walls which 
would minimize their influence on three-dimensional objects 
placed in the center of the section or fastened on the side. 

The present configuration of the working section does not 
allow obtaining a shape identical to that of the layer of 
current existing around a three-dimensional model in unlimited 
atmosphere (two completely rectilinear and parallel lateral 
walls, two flexible and bendable upper and lower walls). The 
planned solution thus consists of using the two bendable walls 
to minimize the influence of the walls on the model. 

The method implemented uses solutions developed by "E. 
Wedemeyer and L. Lamarche" [5]. A first series of tests was 
done in cooperation with the University of Berlin on various 
existing models [6] : 

- a C5 revolving body 166 mm long, 0.3% blockage; 

- a civil F4 airplane model with 120-mm wingspan and three- 
component balance; 

- a duck-type military airplane model with the same balance. 

Another series of tests was then done on a bigger model [7] : 

- a C5 body 400 mm long, 1.8% blockage. 


*Numbers in the margin indicate pagination in the foreign text. 
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The results and calculations were compared. 


The calculation method was optimized for revolving bodies 
placed in the center of the section? an extrapolation was tried 
which placed a half-wing at the wall. In this case, calculation 
is done as if the section were twice its actual width, using the 
Mach distribution at the wall measured near the plane of 
symmetry . 

The results obtained on the "16/1000-scale" AS 07 are 
discussed in this report. They can be divided into two groups: 
control tests and systematic tests. 

Included in the first group is control of wing angling by 
rotating the walls. The path of the jacks would not permit the 
displacements required by calculation for angling the model to 
+2*; we thus used this artificial method after having verified 
its validity. 

The three-dimensional adaptation method supplies the 
optimal shape of the walls from the first calculation, whatever 
the initial position of the walls? this was verified in /8 

several test configurations. Finally, an adaptation called 
"two-dimensional" was tested? it uses the normal method for T2 
profile tests. This case, without theoretical justification, 
was tried to see the influence of the shape of the walls and the 
size of errors which can be made. 

The second part of this study corresponds to systematic 
tests: four configurations were chosen which gave different 

lift coefficients, without making highly supersonic zones appear 
on the profiles. For each configuration, three wall positions 
were tested: 

- The first, called "unadapted," corresponds to the upper 
and lower divergent rectilinear walls compensating for 
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thickening of the limit layers; it served as our basis 
for beginning three-dimensional adaptation calculations. 
These particularly simple limit conditions can also be 
used for complete calculation of the flow in the working 
section. 

- The second wall shape comes from the three-dimensional 
adaptation calculation; the flexible sheets are 
positioned before the gust. 

- Finally, the last case corresponds to "two-dimensional 
adaptation"; the iterative process converges on a single 
gust. 

For each type of test, three gusts are necessary to obtain 
readings from the six rows of pressure recorders spread along 
the AS 07 wing. 

The experimental results gathered during this series are 
not sufficient to validate the three-dimensional adaptation 

method used. Additional calculations must be made to estimate 
residual corrections. In these tests, a negligible influence of 
the walls is observed for low lift values or low Mach numbers; 
inversely, for 2 degrees of incidence or for Mach 0.8, the gaps 
become significant and can in part be interpreted as variations 
in aerodynamic incidence. 

2 ADAPTATION PRINCIPLE 

The purpose of the adaptable walls is to create an 
unlimited flow around a model in a working section with finite 
dimensions; this can be done by controlling the wall conditions, 
either by their shape in the case of solid walls or by flows of 
mass through porous walls. The first solution has been chosen 
at T2, where flexible sheets moved by jacks form the upper and 
lower plates of the working section [3] . 
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In the case of a three-dimensional body, it is necessary to 
bend the walls located around the model to arrive at a shape 
near the layer of current existing around the model in unlimited 
atmosphere. This solution is not at present possible at T2, but 
on the other hand it is possible to use the two flexible /9 

walls to minimize residual corrections due to the influence of 
the walls on the object. 

2 . 1 Two-dimensional adaptation 

The details of the process will be found in [2] and 
[4] ; it uses a coupling between the real flow in the working 
section (internal field) and a calculated virtual flow outside 
the wind tunnel (external field) . Coupling occurs on a control 
surface near the walls through speed vector components. 
Adaptation is achieved by an iterative process acting on the 
shape of the walls: the components of the speed on the control 

surface become available at each iteration; they are 
extrapolated from the pressure measurements at the wall. The 
velocities needed on the control surface to achieve an unlimited 
external flow are calculated by the Green function following an 
inverse method. A method of optimized relaxation between the 
internal and external flows for the vertical velocity component, 
followed by an integration along each flexible wall, supplies 
the new shape of the wall. The real shape needed is obtained by 
adding the thickness displacement of the four wall limit layers. 

2 . 2 Three-dimensional adaptation 

For three-dimensional adaptation, the process is 
different [5] : it uses schematization of the model through 

distribution of sources and vortices in a narrow horseshoe 
placed on the section axis. This schematization gives a good 
representation of axisymmetr ical bodies mounted in the middle of 
the working section. 
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The originality of the method lies in then doing a 
linear transformation, which permits passing directly from 
distribution of velocities at the walls to the adapted form 
without needing to determine the intensity of singularities. 

The optimized shape of the walls is thus theoretically obtained 
from the first calculation? this shape, which is not exactly 
"adapted," minimizes residual corrections on the model caused by 
the influence of the walls. 

Using this method for a half-wing at the wall is 
abusive, because the base schematization does not represent a 
wingspan; it has nonetheless been tried here by replacing the 
lateral door by a plane of symmetry leading to a fictional 
double section width, and taking the Mach distribution of the 
flexible walls near the plane of symmetry as reference. 


3 - EXPERIMENTAL EQUIPMENT 

The T2 transonic wind tunnel is pressur izable and can 
function at low temperatures; only minimum-pressure and ambient- 
temperature tests were done during this series. 

3 . 1 Working section equipment /10 

The working section has an almost square section of 
2 

0.39 x 0.37 mm at the entrance. Flexible sheets of Invar 
make up the upper and lower walls, equipped with three rows of 
pressure recorders whose coordinates are given in figures 7 and 
8. The sheet-positioning mechanism is described in [2], [3], 

and [4] . 


The left lateral door has three portholes with 
pressure recorders placed along horizontal and vertical lines 
whose coordinates are shown in figures 7 and 9. 
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The pressure recorders are linked to the Scanivalves, 
each of whose head can observe 48 positions in 5 seconds. 

The position of the wing in the working section is 
given in figure 6. 

The Mach number of the flow is set by a second neck 
controlled by the computer which controls the gust. 

No other equipment or wind tunnel measurement method 

was used. 


3 . 2 Mounting the wing 

The AS 07 wing model with a scale of "16/1000" is 
shown by the photographs in figure 5. The method of mounting 
the wing on the wall is shown (figure 6) , the plane of the wing 
and its specifications are given (figures 10 and 11), and the 
shape of the profiles which compose it and the positions of the 
pressure recorders are indicated (figures 12 and 13) . 

There are six rows, each with 16 recorders on the 
inner and outer sections and one on the leading edge; they are 
placed across the wingspan so as to form lines with constant 
chord percentages. These recorders communicate with tubes 
placed in grooves along the wingspan; each tube communicates 
with three recorders (either on the external wing or on the 
internal wing) . When one of the three rows of recorders is used 
to measure pressure, the other two are covered with thin (0.05- 
mm) adhesive strips. It is thus possible to simultaneously 
measure pressure on two sections of the wing (one internal and 
one external) ; measurement of velocities over the entire wing 
thus requires three different gusts. 

The wing is mounted on a half-f uselage linked to a 
porthole, whose rotation ensures the angling of the wing- 
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fuselage assembly; the angular reference is the rectilinear part 
on the back of the fuselage [1]. 

3 . 3 Acquisition and examination program 

The T2 wind tunnel is linked to a team of two 
computers, one concerned with creating and regulating the gust 
and the other with obtaining data and storing measurements to 
disk at the end of the gust. 

These tests are pursuant to the series done on the /II 
C5 body and use its principal elements. 


Disk cartridge LU 26, Program 

LU 34, Test files, calculation files 


Acquisition program 

Fixed walls : 
No adaptation 

(lance ACQC5) during gust 


(uses PROJ and ADAP.) Two-dimensional 

adaptation 

Initialization of programs /-with (TR,) RINC 5 (For PARC 5) 

l or (TR,) RINC S (For PARC S) 

T est file 

AD test number from AD 100 to AD 173 


(TEACQ). 


(RAFAL), 


rPARC 5 


or 


PARC S 
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Wall positioning file 


- any 

test file 


AD 


- or 

calculation file 


AD 9 


- or 

special file /-AD 

4; 

Divergent 

rectilinear walls of 




symmetrical limit layers. 


\ AD 

444: 

AD 4 + 10' 

rotation upward 


1 AD 

4 45: 

AD 4 + 30' 

rotation upward 


Three-dimensional adaptation calculation 
Calculation from a test file AD 

without rotation 

with rotation 

section length 780 mm 
ratio c = h/b = 2.1081 
reference recorders: 
right lateral RL 
weighting coefficients 
file VKJ - R (cartridge 
LU 43) 

- — ♦Filing to disk 
F ile for new calculated wall shapes 

AD 9 --- beginning test number for the calculation 

Programs for examination of AD files 

LTCS: 

- graphs local profile Mach numbers 

- graphs Kp 

- lists AD file 

- calculates Cz 


VKJ 

43 

Calculation 

of 

wall 

shapes 

VKI 

M 

Calculation 

of 

wall 

shapes 



780 mm 
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LTC 51: 


- graphs wall Mach numbers 

- graphs wall shapes 

starts LTC 52 (does an RP, LTC 52) 

LTC VK: 

- graphs only wall shapes calculated by VKI 43 or VKIM 

(from AD 9 ) . 


4 - SUMMARY OF TESTS PERFORMED 


A previous study was done on the AS 07 wing [1] . We 
verified in one case that the same results would occur, although 
the working section was modified when the T2 wind tunnel was 
adapted for cryogenics. 

The first control tests were done by measuring rows 2 and 5 
of pressure recorders for the Mach numbers and incidences 
indicated below: 


C* \ 

0,6 

0,7 

( 

( + 2° 

X 

X 

( o 

X 

X 

( -2° 

X 

X 

( 
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Four configurations were selected for systematic tests: /13 



They correspond to a sampling of lift coefficients and to an 
infinite Mach effect upstream, while limiting the supersonic 
zones which appear on the profiles. 

Figure 1 shows the list of tests in chronological order, 
and figures 2, 3, and 4 classify them by configuration. 

We first showed that rotation of the upper and lower walls 
was equivalent to angling the model at the same angle. This 
artifice was made necessary because the path of the jacks did 
not permit the displacements required by calculation of 
three-dimensional adaptation for a model incidence of +2*. 

- Divergent rectilinear walls 


Mo 


( 

or, ( a via' 

O.i.rui- ( Du pU'y 5-Uuajl 

0,6 

) 

0,8 j 

) 

( 


) 

+9° ( +2“ AD 4 

AD 120 

) 

( +1,5° AD 445 

AD 122 

) 

( 


) 

( 


) 

0 * ( 0° AD 4 

AD 107 - AD 109 

AD 108 - AD 132 ) 

( -0,5° AD 445 

AD 137 

AD 139 ) 

( 


) 
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- Three-dimensional adapted walls 


/14 


Mo 


( 

( Of CALCUL 
( 

0,6 

) 

0,8 ) 
) 

i 

o 

o 

/■> 


) 

( 0° VKI 43 

117 

AD 119 ) 

( -0,5" VKI M 

138 

AD 141 ) 

( 


) 


The three-dimensional adaptation method theoretically 
supplies the optimal shape of the walls from the first 
calculation, whatever the initial position of the flexible 
sheets. Controls were done in this respect for the following 
configurations : 


Mo 

< .<* ■ 
( flUsp l*v 

0,7 

) 

0,8 ) 

) 

( 

( +1,5° 

( 

( 

( 


) 

AD 127 (1) ) 

AD 128 (2) ) 

AD 129 (3) ) 

_ _ ) 

( 

( o° 
( 

( 

AD 115 (1) 
AD 116 (2) 

) 

AD 118 (1) ) 

AD 119 (2) ) 

) 

( 

( -0,5° 

( 

( 


) 

AD 140 (1) ) 

AD 141 (2) ) 

) 


The figure in parentheses after the file number indicates the 
order of the iteration; the wall-positioning file thus results 
from calculation of the preceding test. (Iteration (0) is the 
test done with rectilinear walls.) 

We also verified that the tests called "two-dimensional 
adaptation" converged rapidly, as is the case for the profile 
tests; it is sufficient for that to compare the wall position of 
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the 3rd and 4th iterations done during the same gust; the two 
positions are always close. In general, the beginning shape 
chosen is near the adapted shape, but we have tested this 
convergence in the two particular cases when the beginning shape 
was far from the adapted shape. The beginning file chosen was 
AD 4: rectilinear walls divergent from limit layers and 

symmetrical. 

/15 

Configuration: Mo = 0.7 ot = +1.5* File AD 130 (1) 

Configuration: Mo = 0.8 c< = 0 * File AD 133 (1) 

followed by File AD 134 (2) 

Comparisons were made between the various wall positions; 
they are noted: 

- "Non," for divergent rectilinear walls 

- "2D," for two-dimensional adaptation done with the PARCS 
program 

- "3d," for positioning of the walls in the shape 
calculated by the VKI 43 or VKI M program 

It was decided to do systematic tests for the three cases 
of "adaptation," the non-adapted case serving as a basis for 
three-dimensional calculation (any wall shape will work) ; this 
case can also serve as a basis for complete flow calculations, 
because here the limit conditions are particularly simple. The 
two-dimensional adaptation, a priori outside the subject of the 
study, was systematically tested to use as a comparison with the 
assumed optimal shape. 

Finally, four configurations for three cases of adaptation, 
reproduced three times to have the velocity field on all of the 
wing, were tested; these 36 gusts make up the systematic tests 
listed in figure 26a. 
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5 -- CONTROL TESTS 


We will not present all the tests done, but only a 
selection of cases judged most interesting, since the goal of 
this series is not to evaluate the AS 07 wing. 

5 . 1 Angling by wall rotation 

Of the five configurations tested (paragraph 4), three 
are presented. The first corresponds to Mo = 0.6 and c< = + 2 ‘ 
for rectilinear walls (figure 14); this is the configuration 
which obliged us to use this artifice, as the three-dimensional 
case could not be tested. 

Figure 15 shows the comparison of Mach numbers on the 
walls and on the wing, for an aerodynamic incidence egual to 0* 
and a Mach number equal to 0.8, in the case of rectilinear 
walls. Figure 16 presents the same configurations but for wall 
shapes coming respectively from calculations VKI 43 and VKI M. 

The results of figures 14 and 15 show that the high 
Mach case is the most recordable, but the correspondence of: the 
tests remains good. Figure 16 shows that the VKI M calculation 
makes perfect allowance for total rotation. 

It is thus possible to display a model incidence /16 
different from that desired and to compensate by rotating the 
walls. 

5.2 Convergences of iterations 


5.2.1 Three-dimensional adaptation 

Several calculations for optimization of wall 
shape were connected for one configuration. The last test is 
always recalculated, leading to a wall shape which by definition 
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will not be used, but which will in fact constitute an 
additional iteration. 

Of the four tested cases, two are presented in 
figures 17 and 18; the first (Mo =0.7 and =0*) shows that 
the adapted shape is practically obtained from the first 
iteration; in the second case--much more difficult (Mo = 0.8 
and 0 ( = +2*) --it is necessary to wait for the second 
calculation. This second case corresponds to a freely 
supersonic regime of the wing which will not be studied 
systematically herein. 

5.2.2 Two-dimensional adaptation 

In all tests done, the 3rd iteration is always 
identical to the 4th and last iteration of the gust, even when 
the upper and lower walls have been prepositioned in a shape 
very different from the "adapted" shape. This is the case shown 
in figure 19 corresponding to Mo = 0.8 and cJ, = O'. 

To confirm the validity of this statement, a 
second test was done, positioning the flexible sheets on the 
preceding shape; the values obtained can thus be considered to 
correspond to the 4th, 5th, 6th, and 7th iterations of the test; 
they are all identical (figure 20), which confirms that the 
convergence was well obtained. 

5 . 3 Non/2-D/3-D comparison 

Two cases are presented here, one of which is not part 
of the systematic tests: 

- Mo = 0.7 <X = 0* 

- Mo = 0.8 <x. =0* 
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The gaps observed following the types of "adaptation" 
will become more significant as lift and Mach number upstream 
increase. The adaptation called "two-dimensional" gives results 
nearer to the non-adapted case; in fact, everything happens as 
if the aerodynamic incidence of the two-dimensional case were 
higher than that of the tests with a wall shape adapted in three 
dimensions. On the other hand, rectilinear walls lead to a 
higher effective Mach number upstream (blockage effect) . 

In the first case (figure 21) , the gaps are moderate; 
they are more significant in the second case (figure 22) . 
Observation of the direction of the walls leaving the convergent 
(figure 21) shows that effectively the direction of the flow 
upstream is no longer horizontal in the "2-D" case, unlike the 
"3-D" case; the angular reference was given by the "non-adapted" 
case. The effect produced is incontestable, because we /17 

previously demonstrated that rotation of the wall assembly 
modified the aerodynamic incidence of the model; however, this 
is not sufficient to prove that the 2-D case is erroneous, 
because the direction of the current lines in unlimited 
atmosphere is not known. We note also the very different shapes 
of the walls downstream; they go downward for the "3-D" cases, 
which is logical allowing for the chosen schematization 
(horseshoe vortex) and the calculation made (in the plane of 
symmetry). But once more, that does not prove that the shape 
obtained is optimum. 

Finally, one can observe on the last figure (23) that 
the effect produced by modifying the shape of the walls is not 
constant across the wingspan. This was predictable due to the 
working section geometry itself, allowing for twist of the wing 
and for three-dimensional effects. 


19 



5.4 Visualizations 


For three configurations, oil visualizations were done 
on the left door of the working section, giving the direction of 
the current lines 55.4 nun from the end of the wing. Reference 
marks were made, making it possible to locate the positions 
relative to the current lines and to measure their deviations. 




The end of the wing is located between the abscissas 
91.06 min and 135.86 mm from the porthole (figure 6) and very 
near to the section axis (function of the incidence) . 

The maximum deviations noticed are located on the 
section axis slightly behind the tip of the wing (figures 24, 
25, and 26) . 


( 

( Mo 

( 


Walls 

S max ) 

) 

( 

{ 0,6 
( 

+2° 

"Non-adapted" 
AD 4 

(s 9 A*) j Fiqure 24 

) 

( ' 

( 0,6 
( 

( 

+2° 

'Adapted 2-D 

... . 

. 6 ’> > Figure 25 

) 

( 

[ 0,6 
( 

-2° 

"Non-adapted" 
AD 4 

) 

„ 0>5 * ) Figure 26 

) 
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The photos taken from behind clearly show the /18 

deviations of the current lines. 

6 - SYSTEMATIC TESTS 

For the 36 gusts that made up the systematic tests 
(paragraph 4 and figure 26a) , the following information is 
given: wall shape (figures 27 and 28) , Mach numbers of the 

three rows of recorders on the adaptable walls (figures 29, 30, 
31, and 32) , Mach numbers of the left lateral door (figures 33, 
34, 35, and 36) following the horizontal axis or the three 
verticals, and finally spread of Kp on the AS 07 wing (figures 
37 to 44) . 

Numerical values for these curves are given in the attached 
test listings. File numbers corresponding in chronological 
order to the experiments were kept in the interests of clarity. 

Here will be found a systematic comparison of the three 
cases of adaptation--"Non/2-D/3-D"~-and their influence on the 
speed distributions whose principal characteristics were seen in 
paragraph 5.3. 

Finally, integration of Kp for each section supplies local 
lift coefficient Cz. The values are tabulated in figure 45; 
they were traced along the wingspan of the various 
configurations tested (figures 46 and 47) . It is observed that 
the internal wing changes less rapidly than the external wing 
with incidence (figure 46) or Mach number upstream (figure 47) . 

On the other hand, the gap between the "non-adapted" and 
"adapted 3-D" cases increases with the lift. 
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Local Cz were multiplied by the chord of the profile in the 
section considered; the product Cz * C represents local /19 

contribution to wing lift. The values obtained were traced in 
this representation (figures 48 and 49) ; this weighting modifies 
the appearance of the curves ("elliptic" distribution plane), 
but the observed tendencies are the same. 

Finally, integration of the curves in this last 
representation supplies the overall lift coefficient of the 
wing, which was reported as a function of incidence (figure 
50) We have also reported the lift measured during the 
preceding series [1] , done between rectilinear walls for a Mach 
number upstream of 0.47. The effect of compressibility is felt 
more as supersonic zones develop on the wing. 


7 - CONCLUSION 

This series of tests on the AS 07 wing is registered as a 
study on three-dimensional adaptation of the T2 wind tunnel. It 
uses the two flexible walls to minimize residual corrections in 
the presence of a three-dimensional model. It implements the 
"E. Wedemeyer and L. Lamarche" method where schematization of 
the model by a distribution of singularities adequately 
represents an axisymmetr ical body. Extrapolation of these 
methods in the case of a half-wing at the wall has no ultimate 
goal; it serves merely as a preliminary phase, to observe the 
influence of wall shape in various sections of the wing, to 
study the convergence of the method, and to make adjustments 
(rotation of walls, incidence, etc.). 

On the other hand, these experiments can serve as a basis 
for calculating potential three-dimensional flow around the 
model. Then, a three-dimensional object placed in the section 
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could be more elaborately schematicized; it would lead to 
development, as for axisymmetr ical bodies, of a method of 
adaptation minimizing the influence of the walls on the model. 

At present, it is difficult to know if the shape called 
"adapted 3-D" is nearer to the values of unlimited atmosphere 
than the shape "adapted 2-D," but it is definitely not the 
optimum shape. 

The tests will next be completed by directional limit layer 
readings on the lateral wall at the level of the end of the 
wing. The direction of the current lines in this area will be 
an important element in the reality-calculation comparison. 
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Figure 3 
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Figure 4 


Rows of recorders : 3-6 
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WING MOUNTING 


FIGURES 5 TO 13 




9 *££ 







Figure 8 


Equipment of adaptable cryogenic walls: specs of 

pressure recorders, jacks/ and thermocouples 
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Figure 9 


Pressure recorder specifications - lateral walls (mm) 
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Figure 10 


Diagram of the wing 
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Figure 11 


Specifications of the AS 07 wing 
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A - chord 
B - root 
C - row 
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Figure 12 


Position of pressure recorders for each section 


A 1 

B . (-i . 

1 

prise 1 

0 









ft ' 

Ex tr ados 

16 

prises 1 

3 

b 

8 

12 

16 

20 

25 

30 

% 

O | 
1 



1 

35 

40 

50 

60 

70 

75 

80 

30 

% 

Cl 

1 

Int r ados 

8 

prises 1 

3 

7 

15 

30 

45 

60 

75 

85 

% 



A - B . A . 1 recorder 

B - Outer section 16 recorders 
C - Inner section 8 recorders 
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Figure 13 


Specifications of pressure recorders on "Airbus" AS07 wing 
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Key 

A -• Internal wing 
B -• External wing 
C - Row 
D - B.A. 

E - B.F . 

F - Chord 
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CONTROL TESTS 


Wall incidence and rotation: 
Convergence of iterations: 
Non/2-D/3-D comparison: 


Figures 

Figures 

Figures 



Key to figures 14, 15, and 16 


A - Non-adapted 
B - Wall shapes 
C - Row 
D - Upper wall 
E - Lower wall 

F - Central rows of pressure recorders 
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ooot 
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Figure 20 



M= 0,8 

a=o° 

Convergence 2.D 
Sans rotation 




A - Wall shapes 

B - 2-D convergence, no rotation 
C - Row 
D - Beginning 
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Key to figures 21 and 22 


A - Wall shapes 
B - How 

C - Upper wall 
D - Lower wall 

E - Central rows of pressure recorders 
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MACH 


Figure 21 






Parol haute 


£ .■ Rangees centrales de prises d» pression 
X (mm) 



AD135 adapte 2_D 

AD116 adapte 3_D 


H/C 






MACH 


Figure 22 


Non/2-D/3-D comparison 
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VISUALIZATION OF CURRENT LINES 
ON THE LEFT LATERAL WALL 
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Figure 24 
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Figure 25 


[illegible] 
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Figure 26 


Left lateral door visualization CX, = -2* M = 0.6 non-adapted 
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Figure 26a 


Use of four base cases 
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Figures 29-32 
Figures 33-36 
Figures 37-44 
Figures 45-50 


61 






Use of the four base cases - Wall shape 






"Sans rotation" 


No rotation 





Key to Figures 29, 30, 31, and 32: 


A - Left lateral row 
B - Central row 
C - Right lateral row 
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Use of the four base cases 



Figure 29 
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Use of the four base cases 



Figure 30 


66 



Figure 31 


Use of the four base cases - Mach of adaptable walls 



67 




Figure 32 


Use of the four base cases - Mach of adaptable walls 



ranges later ole gauche 




I 
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Key to Figures 33, 34, 35, and 36: 

A - Vertical rows 
° upstream 

middle 

. downstream 

B - Horizontal rows 
o upper 

middle 

. lower 
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Figure 33 


Use of the four base cases - Mach of lateral walls 
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Figure 34 


Use of the four base cases - Mach of lateral walls 



MACH 
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Figure 35 


Use of the four base cases - Mach of lateral walls 
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Figure 36 


Use of the four base cases - Mach of lateral walls 
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Figure 45 


Use of the four base cases - Cz 
Cz recapitulative 
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Figure 48 


Use of the four base cases - Cz 



Ke* 

A - Internal wing 
B - External wing 
C ■- Cz x chord 
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Figure 50 


Use of the four base cases - Cz 



Key 

A - Wing 

B -• March 1977 series 
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Annex 1 


Fichier ; 
Rangee : 
Corde = 


Listing of Cz 


File 

Row 

Chord 
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1 


*****FICHIER 

* RflNGEE i 2 

* RflNGEE : 5 
********** 


FID 105 **** MflCH = .702 INCIDENCE = 0.99 
C2= 2.310E-01 CORDE*CZ- 2.963E+01 
CZ= 2.799E-91 CQRDE*CZ= 1.973E+91 


*****FICHIER 

* RFINGEE : 2 

* RflNGEE : 5 
********** 


FID 197 **** MflCH = .599 INCIDENCE = 0.99 
CZ= 2. 154E-01 C0RDE#C2* 2.763E+01 
CZ= 2. 351E-01 CORDE*CZ= 1.SS7E+01 


*****FICHIER 

* RflNGEE : 2 

* RflNGEE : 5 
********** 


AD 108 **** MflCH = .891 INCIDENCE =* 9.09 
C2= 2. 545E-91 CORDE*CZ« 3.2S4E+91 
C2= 4 . 1 50E-9 1 CGRDE*CZ= 2.942E+91 


*****FICHIER 

* RflNGEE : 2 

* RflNGEE : 5 


FID 119 **** MflCH = . 897 INCIDENCE =-2.99 
CZ= 6. 913E-92 CORDE*CZ* 8.872E+00 
C2= 3.999E-92 CORDE*CZ= 2.835E+90 


*****FICHIER 

* RFINGEE J 2 

* RflNGEE s 5 
********** 


FID 1 1 5 **** MflCH = .792 INCIDENCE = 9.99 
CZ= 2.963E-91 CQRLE*CZ« 2.645E+91 
C2= 2. 215E-91 CGRDE*CZ= 1.579E+01 


*****FICHIER 

* RflNGEE : 2 

* RflNGEE : 5 

********** 


ADI IS **** MflCH = .701 INCIDENCE = 9.99 
CZ= 2. 959E-01 CORDE*CZ= 2.629E+91 
C2= 2. 279E-91 CORDE*CZ= 1.S10E+O1 


*****FICHIER 

* RFINGEE : 2 

* RFINGEE : 5 
********** 


FID 1 1 7 **** MflCH = .598 INCIDENCE = 9.99 
C2= 1.984E-01 C0RDE*C2= 2.545E+91 
CZ= 1.961E-01 CORDE*CZ= 1.399E+91 


*****FICHIER 

* RflNGEE J 2 

* RflNGEE : 5 


RD 113 **** MflCH = . 80S INCIDENCE = 9.99 
CZ= 2.870E-01 CORDE*CZ= 2.655E+91 
CZ= 2.732E-81 CORDE*CZ= 1.937E+01 ' 


*****FICHIER 

* RFINGEE : 2 

* RflNGEE : 5 
********** 


AD 11 9 **** MflCH = .895 INCIDENCE = 0.99 
CZ= 2.128E-01 CORDE*CZ= 2.729E+91 
CZ= 2. 853E-01 CORDE*CZ= 2.923E+91 


*****FICHIER 

* RflNGEE : 2 

* RflNGEE : 5 


FID 120 **** MflCH = .599 INCIDENCE = 2.90 
CZ= 3. 802E-01 CORDE*CZ= 4.876E+91 
CZ= 5.198E-91 CORDE*CZ- 3.635E+91 


*****FICHIER 

* RflNGEE : 2 

* RflNGEE : 5 


FID 122 **** MflCH = .699 INCIDENCE = 2.99 
CZ= 3. 726E-91 CORDE*CZ= 4.779E+91 
CZ= 5. 99 IE-91 CORDE*CZ= 3.699E+91 


NON 


NON 


NON 


NON 


3 DC 1 ) 


3D<2> 


3D Cl) 


. 3D C 1 ) 


3 D < 2 ) 


NON 


NON 
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*****FICHIER '* AD123 **** MACH = .600 INCIDENCE = 2. 03 

* RANGEE * 2 C2= 3.229E-01 C0RDE*CZ« 4. 141E+01 

* RANGEE : 5 C2= 4.1276-01 CQRDE»CZ* 2.926E+91 

**** 


*****FICHIER 

* RANGEE s 2 

* RANGEE • 5 
********** 


AD 124 **** MACH * .703 INCIDENCE » 2.03 
CZ= 4.071E-O1 C0RDE*CZ= 5. 221 £+91 
CZ= 6. 103E-01 C0RDE*CZ« 4.327E+01 


*****FICHIER 

* RANGES ! 2 

* RANGEE : 5 
********** 


AD 125 **** MACH = .703 INCIDENCE * 2.03 
CZ= 3. 361 £-01 C0RDE*CZ= 4.313E+31 
CZ= 4.75OE-01 C0RDE*CZ= 3.363E+91 


*****fichier 

* RANGEE • 2 

* RANGES * 5 
********** 


AD 126 **#* MACH = .336 INCIDENCE = 2.03 
CZ= 5. 214E-01 CQRDE#CZ« 6.6S7E+31 
CZ= 7.394E-01 C0RDE*CZ= 5.242E+01 


*****FICHIER 

* RANGEE : 2 

* RANGEE : 5 
********** 


AD 127 **** MACH = .306 INCIDENCE = 2.30 
CZ= 3. 792E-01 C0RDE*CZ= 4.863E+01 
CZ= 7.1O3E-01 C0P.D£*CZ= 5.Q36E+91 


*****FICHIER 

* RANGEE : 2 

* RANGEE : 5 
********** 


AD 123 **** MACH = .306 INCIDENCE = 2.00 
CZ= 4.U6E-01 C0RDE*CZ= 5.273E+01 
CZ= 7. 521E-01 C0RDE*CZ= 5.333E+01 


*****FICHIER 

■ 

AD 123 **** MACH 

=' .306 INCIDENCE = 

2. 08 

* RANGEE : 2 


CZ= 

3. 977E-01 

CORDE*CZ= 5. 101E+01 


* RANGEE : 5 


cz= 

7.435E-01 

-CORDE*CZ= 5. 272E+01 


********** 



* 



*****FICHIER 

■ 

• 

AD 130 **** MACH 

= .707 INCIDENCE = 

1.50 

* RANGES s 2 


cz= 

3. 49 IE-31 

CORDE*CZ= 4. 477E+01 


* RANGEE : 5 


CZ= 

4. 396E-01 

CORDE*CZ= 3. 542E+01 


********** 






*****fichier 

• 

• 

AD131 

**** MACH 

= .602 INCIDENCE = 

1.50 

* RANGEE » 2 


cz= 

3.213E-01 

CORDE*CZ- 4.117E+01 


* RANGEE : 5 


CZ= 

4. 166E-31 

CORDE*CZ= 2. 954E+Q1 








*****FICHIER 

• 

• 

AD 134 

**** MACH 

= .309 INCIDENCE = 

0.00 

* RANGEE : 2 


CZ= 

2.509E-01 

CORDE*CZ= 3. 217E+01 


* RANGEE : 5 


CZ= 

3. 325E-01 

CORDE*CZ= 2. 712E+01 








*****(• I CHIER 

• 

• 

AD 135 

**** MACH 

» .702 INCIDENCE » 

0.00 

* RANGEE : 2 


CZ= 

2.384E-01 

CORDE*CZ= 3. 053E+01 


* RANGEE : 5 


cz= 

2. 753E-01 

CORDE*CZ= 1 . 956E+01 



********** 


2 c ( 1 ) 

non 

3D(i). 

HON 

3D(l) 

3D (2) 

3D<3> 

2D 

2D 

2D 

2D 
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a^***FICHIER • AB136 **** MACH 

* RflNGEE : 2 CZ = 2.198E-01 

* RflNGEE : 5 CZ= 2.337E-01 

********** 

*****FICHIER : RB137 **** MACH 

* RflNGEE : 2 CZ= 2.268E-01 

* RflNGEE s 5 CZ = 2. 451E-01 

********** 

*****FICHIER • AB133 **** MfiCH 

* RflNGEE : 2 CZ= 2.004E-01 

* RflNGEE : 5 C2= 1.96SE-81 

********** 

*****FICHIER : AB139 **** MFICH 

* RflNGEE : 2 C2= 2.686E-01 

* RflNGEE : 5 C2= 4.513E-81 

********** 

*****FICHIER : AD 140 **** MACH 

* RflNGEE : 2 C2= 2.867E-81 

* RflNGEE : 5 C2= 2.645E-01 

********** 

*****FICHIER : flB141 **** MACH 

* RflNGEE : 2 C2= 2.222E-01 

* RflNGEE : 5 C2= 2.991E-01 

*****FICHIER : FIB 142 **** MACH 

* RflNGEE : 2 C2= S.S75E-02 

* RflNGEE : 5 CZ= 5. 61 IE-82 

********** 

*****FICHIER : AB143 **** MACH 

* RflNGEE : 2 CZ = 7.990E-02 

* RflNGEE : 5 C2= 4.859E-02 

* * # t $ •£ ■& £ •£ ir 

*****FICHIER : AB144 **** MACH 

* RflNGEE s 2 C2= 8.189E-02 

* RflNGEE : 5 CZ= 4.395E-82 

********** 

*****FICHIER • AB 145 **** MACH 

* RflNGEE : 2 C2= 3.687E-01 

* RflNGEE : 5 CZ= 4.94SE-01 

********** 

*****FICHIER : AB146 **** MACH 

* RflNGEE : 1 C2= 3.405E-01 

* RflNGEE s 4 C2= 4.713E-01 

********** 


= .537 INCIBENCE = 0.00 2B 
CORBE*CZ= 2. 819E+01 
CQRBE*CZ= 1 . 657E+01 


= . 593 INCIBENCE = 0.00 NON 
CORBE*CZ* 2. 899E+01 
CGRBE*CZ* 1 . 733E+01 


* .599 INCIBENCE = 0.00 3B(1) 

CORBE*CZ= 2. 570E+01 
CORBE*CZ= 1 . 395E+01 


= .804 INCIBENCE = 0.00 NON 
CORBE*CZ= 3. 445E+01 
CORBE*CZ= 3. 199E+01 


= .304 INCIBENCE = 0.00 3BC1) 

CORBE*CZ= 2. 651E+01 
CORBE*CZ= 1.876E+01 


= .304 INCIBENCE =0.00 3B<2) 

C0RBE*C2= 2. 350E+01 
C0RBE*C2= 2. 120E+01 


.593 INCIBENCE =-2.00 NON 
CORBE*CZ= 1. 133E+01 
CQRBE*CZ= 3. 973E+00 


= .593 INCIBENCE =-2.00 3B<1) 

CORBE*CZ= 1 . 025E+01 
CORBE*CZ= 3. 445E+00 


= .596 INCIBENCE =-2.00 2B 
CORBE*CZ= 1 . 050E+01 
C0RBE*C2= 3.116E+00 


= .596 INCIBENCE = 2.00 2B 
CORBE*CZ= 4. 729E+01 
C0RDE#C2- 3.503E+01 


= .594 INCIBENCE = 2.00 2B 
C0RBE*C2= 4. S72E+01 
CGRBE*CZ= 4. 344E+01 
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*****FICHIER : AB147 **** MACH 

* RAN GEE : 1 CZ = 3.608E-01 

* RANGEE •* 4 CZ= 4.740E-01 

********** 

*****FICHIER : RD143 **** MACH 

* RANGEE : i CZ* 3.027E-01 

* RANGEE •* 4 CZ= 3.861E-81 

********** 

*****FICHIER : AD149 **** MACH 

* RANGEE : 1 CZ= 1.995E-01 

* RANGEE s 4 CZ= 2.419E-01 

********** 

*****FICHIER : AD 150 **** MACH 

* RANGEE s 1 CZ= 2. 08 IE-01 

* RANGEE ! 4 CZ* 2.418E-81 

*****FICHIER ° AD151 **** MACH 

* RANGEE • 1 CZ= 1.863E-01 

* RANGEE s 4 CZ= 2.876E-01 

********** 

*****FICHIER : AB152 **** MACH 

* RAHGEE : 1 CZ* 2.253E-01 

* RAHGEE : 4 CZ= 3.341E-Q1 

********** 

*****FICHIER s AD153 **** MACH 

* RAHGEE : 1 CZ= 2.408E-01 

* RAHGEE ! 4 CZ= 3.755E-01* 

* # * T *Jf ■£ jr *£ & £ 

*****FICHIER AD154 **** MACH 

* RAHGEE ! 1 CZ= 2.034E-81 

* RAHGEE s 4 CZ= 3. 0281- -91 

********** 

*****FICHIER • AD155 **** MACH 

* RAHGEE : 1 CZ = 6.814E-82 

* RANGEE • 4 CZ= 6.321E-82 

********** 

*****FICHIER : AD 158 **** MACH 

* RANGEE J 1 CZ= 7.980E-02 

* RAHGEE : 4 CZ= 8.S54E-02 

* # IT $&&&&&& 

*****FICH I ER : AD 157 **** MACH 

* RANGEE • 1 CZ= 8.874E-02 

* RAHGEE : 4 CZ= 8.06SE-02 

********** 


= .593 INCIDENCE = 2.00 HQu 
CORDE*CZ= 5. 151E+01 
CQRDE*CZ* 4. 387E+01 


= .594 INCIDENCE = 2.00 3Dn- 
CORBE*CZ= 4. 332E+01 ' 

CORDE*CZ= 3. 557E+01 


= .594 INCIDENCE = 0.00 2D 
C0RBE*CZ* 2.S55E+01 
CGRDE*CZ* 2. 223E+01 


= .595 INCIDENCE = 0.00 NON 
CQRDE#CZ* 2.973E+01 
CORBE*CZ= 2. 223E+01 


= .594 INCIDENCE = 0.00 3D< 1> 

CORDE*CZ* 2. S89E+01 
C0RDE*CZ= 1.913E+01 


= .302 INCIDENCE = 0.00 2D 
CORBE*CZ= 3. 225E+01 
C0P.DE*CZ= 3. 073E+01 


= .303 INCIDENCE = 0.00 NON 
C0RDE*CZ» 3. 434E+01 
CQRDE*CZ* 3 . 480E+0 1 


= .303 INCIDENCE = 0.00 3B(1) 

CORBE*CZ= 2.9UE+81 
CORDE*L'Z= 2 . 7S8E+0 1 


■ .595 INCIDENCE =-2.00 2D 
CQRDE*CZ» 9. 751E+00 
C0RDE*CZ= 3.824E+00 


. 59b INCIDENCE =-2.00 NON 
CORBE*CZ= 1 . 142E+01 
CORDE*CZ= 6. 131E+00 


= . 598 INCIDENCE *-2.00 3D(1) 

CORDE*CZ= 9. 336E+00 
CORDE*CZ= 5. 53<9E+00 


91 



5 



fiD 153 

* RfiNGEE : 3 

CZ 

* RfiNGEE : 6 

CZ 



*****FICHIER : 

fiD 159 

* RfiNGEE : 3 

CZ 

* RfiNGEE : 6 

CZ 



*****FICHIER : 

fiD 160 

* RfiNGEE : 3 

CZ 

* RfiNGEE : 6 

CZ 

****•»****•*• 



•*** MfiCH = . 593 INCIDENCE =-2.00 2D 
9. 4S6E-02 C0RBE*CZ= 1.030E+01 
2. 071E-02 C0RBE*CZ= 1.070E+OO 


r*** MfiCH = . 596 INCIDENCE =-2.00 NON 
9. 393E-02 CORBE*CZ= 1.O74E+01 
2. 323E-02 CORDE#CZ* 1.200E+00 


•*** MfiCH = .596 INCIDENCE =-2.00 
9. 454E-02 CORDE*CZ= 1.Q26E+01 
1 . 742E-02 CORDE#CZ* 8.998E-01 


3D Cl) 


*****FICHIER : AD161 

* RfiNGEE •• 3 C'Z= 

* RfiNGEE » 6 CZ= 

********** 


MfiCH = 




INCIDENCE = 0.00 2D 


2. 337E-0 1 CORDE*CZ= 2.754E+01 
1 . 926E-0 1 CQRDE*CZ= 9.945E+00 


*****FICHIER : 

* RfiNGEE s 3 

* RfiNGEE : 6 

$ * * if £ 3* *£ ■£ # # 

*****FICH I ER s 

* RfiNGEE : 3 

* RfiNGEE • 6 
********** 

*****FICHIER : 

* RfiNGEE : 3 

* RfiNGEE : 6 
********** 

*****FICHIER : 

* RfiNGEE : 3 

* RfiNGEE s 6 
********** 

*****F I CHIER s 

* RfiNGEE : 3 

* RfiNGEE s 6 

********** 

*****FICHIEP. : 

* RfiNGEE :■ 3 

* RfiNGEE : 5 


*****FICHIER : 

* RfiNGEE : 3 

* RfiNGEE : 6 

*****FICHIER : 

* RfiNGEE : 3 

* RfiNGEE : 6 
********** 


fiD 162 **** MfiCH 

= .593 INCIDENCE = 

0.00 

NON 

CZ* 2.71 IE-01 

CORBE*CZ= 2. 943E+01 



CZ= 1.993E-01 

CORDE*CZ* 1 . 029E+01 



fiD 163 **** MfiCH 

= .593 INCIDENCE = 

0 . 00 

3D< 1 > 

CZ* 2.41 IE— 0 1 

CORDE*CZ= 2. 617E+01 



CZ* 1.647E-01 

CORDE*CZ= 3 • 5O6E+O0 



fiD 1 &4 MfilH 

= .307 INCIDENCE = 

0. 00 

2D 

CZ* 2. S42E-91 

CQRDE*CZ* 3. 0S5E+01 



CZ= 3. 193E-01 

CORDE*CZ= 1 . 649E+0 1 



fiD 165 **** MfiCH 

= .305 INCIDENCE = 

0.00 

NON 

CZ= 3. 0S2E-01 

C 0 R D E * C Z = 3 . 3 4 6 E + 0 1 



CZ* 4. 162E-01 

CORBE*CZ= 2. 150E+01 



fiD 166 **** MfiCH 

= .304 INCIDENCE = 

0.00 

3 D ( 1 ) 

CZ* 2.483E-01 

CORBE*CZ= 2. 701E+01 



CZ= 2.555E-01 

CORDE*CZ= 1 . 320E+01 



fiD 167 **** MfiCH 

= .599 INCIDENCE = 

2.00 

HON 

CZ* 4. 3SSE-01 

C 0 R D E * C Z = 4 . 7 6 3 E + 0 1 



CZ* 4.34SE-01 

CORBE*CZ= 2. 246E+01 



fiD 163 **** MfiCH 

= .599 INCIDENCE = 

2.00 

3D ( 1 ) 

CZ= 3. 752E-01 

CORBE*CZ= 4. O74E+01 



CZ= 3. 65SE-91 

CORDE#CZ* 1 . 339E+01 



fiD 169 **** MfiCH 

= .599 INCIDENCE = 

2.00 

2D 

CZ* 4. 237E-01 

CORDE#CZ* 4.60OE+01 



CZ= 4. 250E-01 

CORDE#CZ* 2. 195E+01 
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Annex 2 


Listing of Adaptable Wall Shapes 
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Listing of adaptable wall shapes (rows 2 5) 


ADAPT. 

FORME 

DEPART 

MACH 

0 > S ! 0 j S 

INCIDENCE 

NON 

AD445 ' 

1 22 



2-D 


145 


+ 2 

3-D 

ADS 122 

123 



NON 

AD4 AD4 

107 

1 OS 


2-D 


136 

134 

0 

3-D 

ADS 107 ADS 1 1 3 

117 

1 IS 


NON 

AD4 

142 



2-D 


144 


— £ 

3-D 

ADS 142 

143 




I ....... I 


Forme depart = Beginning shape 



2 


File: ADI 36 

Lines of current (mm) 



N 


Abac . l 

L . Haut ID 

L . C . Baa 



1 


•800 1 i 

6 UU 1 

0 . I)U 



2 


-7*4 7 l 

. u“ t 

04 



3 


-711.4 « 

. 14 1 

09 



4 


-670.1) 1 

22 1 

. 14 



5 


-630 4 * 

.30 » 

. 19 



s 


-592 8 i 

19 1 

.23 



7 


-556.5 1 

.44 * 

■ 28 



8 


-522.0 1 

.3' 1 

32 



« 


-489.0 l 

.67 1 

35 



10 


-457. 6 | 

79 1 

.38 



11 


-427 5 1 

.90 l 

4 0 



12 


-398 - i 

l .04 1 

4 



13 


-371 2 1 

1.19 i 

. 4b 



14 


-345.0 1 

l »i 1 

.44 



15 


-119 9 1 

l 46 i 

.51 



16 


-255 8 1 

1 59 1 

.52 



17 


-273 0 1 

1 • *2 1 

52 



IB 


-251 2 t 

1 84 1 

■ 52 



19 


-230.3 1 

1 .?* 1 

■ 5 J 



20 


-210 3 1 

2-11 1 

.54 



21 


-191.2 i 

2.26 1 

37 



22 


-174 4 i 

2 . 4o 1 

.»u 



23 


-159.1 • 

252 i 

.62 



24 


-145.6 l 

2 63 t 

.61 



25 


-1323 i 

2 72 l 

.62 



26 


-120.9 1 

2 61 1 

S ) 



27 


- 1 U9 . - 1 

2 89 1 

60 



2b 


-9* 08 1 

2 97 1 

.39 



29 


-99. e? i 

3 05 1 

.59 



30 


-79 . 09 1 

J u 1 

59 



31 


-89.60 1 

3.20 l 

.59 



32 


-60.39 1 

3 27 1 

• 37 



33 


-51.39 i 

3.14 1 

56 



34 


-42.57 1 

3.39 1 

.53 



35 


-33.99 1 

3 43 l 

. 55 



36 


-25.33 i 

3 47 i 

•>5 



37 


-16 94 i 

3 49 1 

.3i 



38 


-4 41 i 

351 t 

3 J 



39 


■t.uo * 

3.51 t 

hi 



40 


8 41 1 

3 5 i i 

■ 3 2 



41 


16.94 1 

3 51 > 

hi 



42 


25. J 3 1 

3 5 1 1 

. *»;- 



43 


33. a? 1 

3 . 5 i i 

■ hi 



44 


42.57 1 

3 5u i 

■ 39 



45 


51 39 i 

3 49 1 

53 



46 


60.39 » 

3.49 1 

59 



47 


69. SO l 

3 46 1 

.54 



40 


79.09 l 

3 43 1 

54 



49 


88.99 i 

- 3 30 l 

34 



50 


99.09 l 

13 3 1 

. 5 3 



51 


109. **1 i 

3 27 i 

-53 



52 


120.94 l 

3.18 i 

.32 



53 


132.93 » 

3.08 l 

.52 



54 


145.56 l 

2.97 l 

. 5 1 



55 


159 33 i 

2.8* * 

49 



56 


174.43 1 

2 7* 1 

. 48 



57 


131.23 1 

2 .67 1 

.47 



58 


210.11 l 

2.57 1 

. 4 4 



5? 


230 27 1 

2-45 * 

.45 



60 


251.17 l 

23) 1 

44 



61 


2’3 . 05 1 

2.15 I 

. 44 



82 


295.94 1 

139 1 

.*‘4 



63 


319 90 1 

1.84 1 

43 



64 


344.98 1 

1.70 1 

43 



85 


371.23 » 

1.55 1 

43 



66 


398.70 1 

140 1 

41 



67 


427.46 1 

1.25 l 

. 19 



68 


457.55 1 

1.11 1 

. 36 



69 


485.05 1 

.99 t 

. 33 



70 


52201 1 

87 1 

10 



File: AD134 

Lines of current (mm) 



M 


tibac . ID L.C.Kaut ID 

L c *4i 



1 


-800.1 » 

0. 00 l 




2 


-754.7 l 

. Ub \ 




9 


-711.4 1 

» J • 




4 


-b7Q . 0 1 

. 20 1 




5 


-630.4 l 

.lb * 




6 


-562.6 1 

.3b l 




7 


-556.5 l 

.45 1 




8 


-522.0 1 

54 1 




9 


-489.0 l 

. 6 J l 




10 


-447.6 1 

74 1 




11 


-427.5 i 

64 1 




12 


-J96.7 1 

.97 » 




H 


-371.2 1 

1.11 i 




14 


-345.0 » 

1.27 i 

*M 



15 


-J1V 9 » 

1.43 1 




16 


-245.9 1 

1 68 1 




17 


-273 0 l 

I .76 1 




18 


-751.2 i 

I 51 1 




19 


-230.3 l 

2.0’ 1 

,, 



20 


-2103 1 

2.24 i 

49 



21 


-191.2 i 

2.42 l 

>■> 



22 


-174 4 | 

2 60 i 

>5 



23 


-15? 3 i 

2 75 i 




24 


-145 6 i 

2 88 1 




25 


-132.9 • 

3 00 1 

. i4 



26 


-120 9 l 

3 09 l 

42 



27 


-109 .7 j 

3.18 1 

29 



29 


-9? . 06 l 

3.27 i 

1 7 



29 


-66.69 l 

3 37 i 

.6 



3 U 


-79.09 1 

3 48 i 

.-j 



Jl 


-69. bO 1 

3.59 i 

• 2 1 



32 


-b0 .39 1 

3 68 1 

. 18 



33 


-51.39 1 

378 1 

. 14 



34 


-42.57 1 

3 86 I 

12 



35 


-33 39 1 

J.?2 i 

.;•) 



36 


-25.33 l 

3 99 l 

."8 



37 


-18.94 1 

4.02 1 




39 


-8 41 1 

4.05 l 

.0? 



39 


0 00 1 

4.07 \ 

04 



40 


8 41 1 

4.08 1 

• 04 



41 


18.84 1 

4 09 l 

”5 



42 


25.3 s i 

4.0? I 

. »•> 



43 


>3.99 1 

4 . 09 1 

. vb 



44 


42.57 1 

4.09 * 

iU 



45 


5139 1 

4 . OB I 

. 12 



46 


Su 3* l 

4.06 1 

lb 



47 


8? b0 1 

4.9.4 1 

. 17 



48 


79.09 t 

3.98 1 

. 2U 



49 


89.99 1 

3 9 2 l 

.'.*2 



50 


99 • 08 I 

3 8b l 

21 



51 


109 . ?3 l 

J . *•"> . 

. .4 



52 


128.94 1 

3 .65 l 

.25 



53 


132.33 l 

3-53 i 

.25 



54 


145 56 * 

3 41 i 

25 



55 


159 33 1 

3 29 1 

72b 



56 


174 43 1 

3 1? i 

72b 



57 


191.23 1 

3.09 i 

.26 



58 


210.31 1 

2 97 1 




59 


2 30 2’ 1 

2.03 1 

2'-* 



80 


25117 i 

2.66 1 

.27 



8 1 


2-3 05 .1 

2.48 » 

2 7 



82 


295 94 l 

2.31 1 

. 2b 



53 


319 90 l 

2.17 l 

25 



64 


344 98 1 

2.03 1 

25 



65 


3-1.23 1 

1.91 1 

24 



66 


398.9Q i 

1.81 1 

. 1? 



87 


42/46 1 

1 . /I 1 

. 1*< 



66 


45755 1 

1.60 1 

. 10 



69 


469.05 1 

1.50 1 

. 0b 



70 


522. 01 I 

1.40 I 

.02 



Key : Haut = 

Bas = 


high 

low 



3 


File: AD144 

Lines of current (mm) 


File: AD145 

Lines of current (mm) 


1 N 

4b»c . 12 L.C.IUut • 

L.c.e** i 

l N I 

Gb»e. 1 

L.C. K4u< IZ L.C. 8*» 

; i 

-800 l 1 

0 . uO 1 

Dud I 

• 1 1 

-900.1 1 

0.00 1 

0 . yy 

l 2 

-754.7 1 

. yj » 

y.uo t 

• 2 I 

-754.7 l 

.12 » 

. ! y 

l 3 

-**114 1 

. ub i 

• Ol I 

* 1 1 

-911.4 1 

.23 l 

21 

l 4 

-670 « 1 

. 08 *1 

• u 1 ■ 

1 4 1 

-$70 0 l 

.30 1 

. *2 

l 5 

-$J04 * 

11 1 

.01 1 

• 5 l 

-•JO. 4 1 

.51 i 

.4. 

1 $ 

-592 6 1 

15 i 

Ol « 

i t i 

-342.0 l 

•65 1 

bJ 

, 7 

-35$ 5 » 

. 1? 1 

VI 1 

• 7 l 

-556.3 1 

■ 0 l 

*» J 

1 * 

-5220 » 

.24 l 

0 . vO 1 

1 9 l 

-522 u 1 

.43 l 

. >‘i 

I ? 

-483.0 1 

.29 1 

0 . uU i 

i 9 1 

-489.0 1 

110 1 

83 

■ :o 

-457 < i 

,*5 l 

-.02 l 

1 10 1 

-457.8 1 

1.27 t 

. »*• 

t :i 

-427 5 1 

42 i 

- . 04 1 

» 11 i 

-427.5 i 

1.44 ) 

1 . 00 

I 12 

-398.7 J 

by » 

- >) 7 I 

» 12 • 

-398.7 l 

1 $1 1 

l Ue 

i :3 

-J71.2 • 

©4 i 

- .09 i 

i 13 1 

-371.2 i 

1 WO 1 

1.14 

i :a 

-2430 1 

. ©4 t 

-.11 1 

• 14 1 

-345.0 1 

l 99 1 

1 .22 

i :3 

-1133 1 

7? » 

-.13 • 

1 13 1 

-119.9 ' 

2 20 i 

1 .30 

i .6 

•233 9 l 

a? » 

- 15 l 

1 It 1 

-295? 1 

2 42 i 

1 . 

1 \ 7 

*272. u l 

40 i 

-.23 » 

< 17 ) 

-273 0 l 

2 $2 1 

1.4b 

i :• 

-231. 2 l 

1.03 i 

- 27 i 

i .8 1 

-231.2 l 

2 . wy i 

l b i 

i .t 

-230 1 l 

1 *.< i 

- 3 1 i 

i l? I 

-230. J * 

2.98 i 

1 b 

i :o 

-210 J l 

121 i 

- . lb i 

< 20 i 

-210 J l 

1. !■» • 

1 »A 

i * i 

-131.2 1 

l .70 i 

- *0 1 

i :i i 

*191.2 * 

1H i 

l 7i 

i T2 

-174.4 1 

1.40 » 

- . 40 ) 

1 22 l 

-174.4 i 

3.57 i 

i .0 1 

i :3 

•1531 1 

l 49 t 

- 42 t 

' 23 i 

-139.3 1 

J.75 • 

1 84 

l 24 

-145. 6 l 

1 5b i 

- 45 • 

1 24 1 

-145.6 * 

3. *4 1 

1 •«** 

i 

-132 3 t 

1 ©1 i 

- 4? 1 

1 23 1 

-132.9 i 

4.01 » 

It* 

i :$ 

-*20. ? 1 

1 09 I 

- b 1 i 

l 26 1 

-11*0.9 • 

4.11 t 

1 tA 

i :7 

- : os ? i 

i “5 l 

- 50 1 

. 27 , 

-109 7 1 

4 22 l 

l 44 

l 19 

-39. 48 1 

191 * 

- ■ *»0 l 

1 26 1 

-99-08 1 

4. J2 1 

1 45 

i *« 

-?809 1 

1.37 l 

- 43 l 

t 29 » 

-»9.89 • 

4.41 i 

l . ' 

i 23 

-79-03 1 

1 . ?4 1 

- .45 l 

) 30 » 

-7<) . U? 1 

4.51 1 

1.44 

• 2‘. 

•♦»<!) 1 

2 . 0 l 

- *0 1 

* 3 1 • 

-69 6U 1 

4 $0 1 

2 *'l 

i it 

-40 -39 1 

2 . i 

- .71 . t 

I a 2 i 

-6') . 3? t 

4.69 l 

2 V* 

1 23 

-31-39 i 

2 13 l 

- 74 1 

t .’3 i 

-51 3? • 

4-7$ i 

2 . 04 

i 34 

-42.37 1 

2 19 i 

- .77 1 

i 34 .1 

-42 57 t 

4 41 i 

2 . u5 

l 2! 

-336? 1 

2 22 t 

- -y i 

1 2 3 * 

-33 99 l 

4 ■ 88 » 

2 'it 

i 2$ 

-2533 » 

2 25 i 

- .’8 i 

i 10 • 

-25. 33 » 

4. 9J » 

2 • >17 

t 37 

-»6 04 1 

2 :? * 

- .7? i 

t -7 » 

•16 8 4 

4.96 i 

2 . y? 

1 23 

-e 4i i 

2.10 1 

- 4 o i 

' ;*? 1 

-9.41 » 

4.9b i 

2 . u© 

i 33 

0 00 l 

2.31 i 

-e<J 1 

■ 3? : 

0-00 1 

3.00 * 

l. *Jb 

t *: 

* 41 1 

2 . iu ■ 

1 

1 40 l 

% 41 1 

9 ■ Oo l 

2 yb 

i 4 : 

14.94 l 

2 s2 > 

- . 74 1 

1 41 1 

16-94 1 

3 ■ VO » 

2 . 04 

i <: 

•25 31 l 

2.23 i 

- . '••*» » 

1 42 1 

25.33 i 

5 . bb 1 

i 0* 

i -42 

331? i 

2 . j 4 * 

-,7b » 

I 43 1 

33.09 1 

5 . MU i 

. ■ • * 

1 44 

42 5? 1 

2.35 i 

- .73 1 

1 44 1 

42 57 » 

3.00 * 

2 . •>» 

i 42 

5 1 . 34 1 

2 25 ■ 

- . 71 l 

1 45 l 

- 51 ;4 i 

4-94 i 

2 . 4 

I 45 

3? t 

2 33 1 

- .00 I 

1 43*1 

60. 3? • 

4.97 1 

i . y y 

1 47 

5J iO • 

2 . 23 i 

- 6i 1 

» 47 1 

©9 ©0 1 

4.44 1 

1 40 

1 45 

7* 09 1 

2.33 l 

- 63 1 

1 49 l 

7? . u? i 

4- 9o i 

1 . 4© 

l 49 

98 0? • 

2 31 i 

- ©0 * 

1 4? 1 

?9 9? 1 

4.83 l 

1 -4 

• 5 2 

99 09 i 

2 20 i 

- .56 1 

I 50 t 

99-00 l 

4 . 7y t 

1 1*1 

! 21 

109 "3 t 

2*4 * 

- .55 1 

.1*11 

109 73 l 

4.67 1 

1 -S 

t *2 

120 94 l 

2 10 1 

- .5 1 1 

1 52 i 

120.94 1 

4.55 « 

1 . 40 

t 53 

132.03 l 

2 11 i 

- .48 1 

i 33 i 

132 93 1 

4.41 i 

1 JO 

J 54 

145. 58 l 

2 . 02 * 

- .44 1 

1 34 1 

1-15 56 1 

4.27 i 

1 70 

» 55 

159 33 1 

l . ?4 l 

- . 41 1 

1 55 1 

13933 l 

4.13 1 

1.72 

i *6 

174 43 1 

1.97 l 

-.37 1 

1 5© t 

174.43 l 

3 99 l 

1 .*.« 

1 37 

191 23 1 

1.80 1 

- 34 1 

l 57 1 

19123 i 

3.85 l 

1 . © i 

» 53 

213 31 1 

1-71 ) 

- . 31 1 

i 58 l 

210.31 1 

3 -7u 1 

i .04 

l 53 

230 27 l 

1.05 \ 

- .28 • 

t If i 

230. 27 • 

3.33 l 

i .bo 

1 to 

251 1? l 

1.5 * * 

- .23 i 

1 to 1 

231 -17 » 

3.34 i 

1 .44 

1 i 1 

273 05 • 

1.40 1 

- 21 i 

1 51 1 

273.05 i 

3.13 t 

1 .4> 

« 82 

295 ?4 I 

1 . J? 1 

. - . 16 t 

1 t2 » 

29594 1 

2-91 ■ 

1 . J© 

» *53 

315 90 • 

1.31 1 

- . 11 l 

1 63 i 

319.90 » 

2.69 t 

1 24 

1 54 

344.98 1 

1 . 22 1 

-.03 i 

t t4 1 

J44.98 1 

2.47 1 

1 • 24 

l 55 

171.23 l 

1.12 l 

. 03 t 

1 45 1 

371 23 • 

2 24 t 

1 . 13 

1 t« 

39? .70 i 

1.02 * 

. U9 ( 

1 5$ 1 

390.70 1 

2.02 < 

1 . 1*1 

1 67 

427 4* t 

. .- 2 l 

. 13 l 

t 47 t 

427.M6 1 

1.0 1 1 

l . 09 

1 58 

457.55 1 

82 1 

. 17 i 

1 48 > 

4-7.35 » 

1 .$0 1 

1 . >Ji 

1 «3 

489 03 1 

.74 1 

. 20 1 

1 ©? 1 

489. 05 1 

1.41 l 

.90 

1 70 

322 01 1 

1 

.66 1 

.23 l 

l 

1 70 • 

322.01 1 

1.23 1 

.00 


Key : Haut = high 

Bas = low 



4 


Fichier SD142 
Cotas das parois (mm) 


N 1 

ftbsc , 

12 

PI . Haut 

12 

PI . Bas 1 

M 

- 

0,6 




1 - 

1 1 

-705 , 0 

' “ w 

.24 

1 

- .34 1 

C< 

= 

-2° 




2 1 

-575 . 0 


, 66 

1 

- .72 1 


— 





3 1 

-46 0 . 0 


1 . 13 

1 

-100 1 







4 1 

-355 . 0 


1 . 45 

1 

-1.42 1 







5 1 

-275 . 0 


1.69 

1 

-1.70 1 







6 1 

-215 . 0 


1.76 

1 

-1.97 1 . 







7 1 

-155 . 0 


1 . 99 

1 

-211 1 







8 1 

-95 . 02 


2 . 24 

1 

-2,13 1 







9 1 

-35 . 02 


2 . 41 

1 

-2.40 i Non 


adapte 



10 1 

24.93 


2.46 

1 

-2 64 1 







1 i ' 

84 99 


2 . 53 

1 

-2.69 1 







12 1 

144 . 93 


2 . 82 

1 

-2.83 1 







13 1 

204.93 


3 . 07 

1 

-3.05 1 







14 l 

234 . 93 


3 . 16 

1 

-3 23 1 







15 1 

339 .93 

j 

3 . 43 

! 

-3 . 62 i 







16 1 
i 

5 04 33 

| 

1 

3 79 

♦ 

-3.83 1 

i 








F i 

chi 

er •. fiD 144 





Fichier 

i fiD 143 


Cotes 

de 

s paroi 

3 

. mm i 



Cotes des 

par o 15 

lam ’ 

N 1 

fibs;-. 

1 z 

?1 Hsu- 

12 

PI . 3as .1 1 

| | 

N 


fibsc 

12 PI 

Haut 

IS PI . Bss 

1 1 

-705 . 0 

1 

. 37 

1 

- .21 l 1 

1 


-705 . 0 

1 

.45 

1 - .40 

2 1 

-575 . 0 

1 

.97 

1 

-.70 1 1 

2 


-575.0 

l 

.83 

1 -.70 

3 1 

-43 0 . 0 

1 

1.39 

i 

-1.11 1 1 

3 


-460 . 0 

l 

1 . 25 

1 -1.00 

4 1 

-35 5 . 0 

1 

2 • 09 

1 

-1.43 1 1 

4 


-355.0 

1 

1.36 

1 -1.43 

5 1 

-275 . 0 

1 

2.55 

i 

-1.94 l 1 

5 


-275 0 

1 

2.32 

1 -1.71 

6 i 

-213 . 0 

1 

3 . 06 

i 

-2.23 l 1 

6 

! 

-215 . 0 

t 

2.82 

l -2 07 

7 ! 

-155 . 0 

1 

3.46 

i 

-2.52 l 1 

7 


-155 . 0 

1 

3 2 3 

1 -2 6? 

? ! 

-95 . 02 

1 

3 92 

i 

-2.77 t 1 

9 

! 

-95 , 02 

l 

2 .67 

! -2 36 

9 1 

-25 02 

» 

4.51 

i 

-3.06 i l 

9 

! 

-35 . 02 


j 33 

-3.23 . 

10 1 

24.33 

1 

4.73 

1 

-3 . 23 1 ! 

1 : 1 : 


«2 ”4 . 8 

! 

4 12 

1 -3 47 

11 ! 

84.98 

1 

4.91 

i 

-3.35 l 1 

1 1 


34.96 

i 

4.06 

1 -3 53 

12 1 

144.96 

1 

4 91 

i 

-3.46 1 1 

12 


144 . 99 

i 

4.05 

l -3.64 

13 l 

2 04 . 93 

1 

4 . 82 

' 1 

-3.49 i 1 

13 


204 . 99 

i 

3 . 72 

1 -3.68 

14 1 

294.36 

1 

4 . 73 

1 

-3.56 1 1 

14 

! 

234.95 

i 

3 43 

1 -3 68 

15 1 

339.93 

1 

4 .64 

1 

-3.53 ! I 

15 

! 

339.95 

J 

2.87 

1 - 3 . 72 

16 1 
I 

504.93 

1 

4 77 

1 

j 

-378 1 1 

» ! __ 

16 

j 

504 99 

1 

i 

2.34 

1 -3.87 

1 


Key 

Fichier = File 
Cotes des parois = 
Wall specifications 
Haut = High 
Bas = Low 
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5 


Fichicr : £011)7 



Cot«» 

dt» 

p«ro it 

l*w»> 


1 N 1 

Abac . 

12 P l . X«ut 1 

Z P1.8«» 


1 1 1 

-705.0 


.24 1 

-.26 


1 2 » 

-575.0 


.63 1 

- .66 


I 3 1 

-460 . 0 


1.05 1 

-.98 


1 4 « 

-355.0 


1.45 * 

-1.45 


1 5 1 

-275.0 


1.69 1 

-1.73 


1 6 * 

-2150 


1.89 1 

-1.88 


1 7 i 

-155.0 


1.98 l 

-1.T4 


l 8 l 

-95 02 


2.23 1 

-2 . 13 


| Q | 

-35 02 


2.43 1 

-241 


1 10 I 

24 99 


2 50 1 

-2.46 


1111 

94 99 


2.73 l 

-2. So 


1 12 * 

144 99 


2.83 l 

-2.90 


t 13 : 

204 98 


309 ! 

-3.11 


1 14 

29 4 9 3 


3 23 1 

-3 26 


i :? 

33? 9 9 


3 53 • 

-3 55 


i i* • 

5-14 ?3 


3. S3 » 

-3 32 




•: H ; * r 

4013 




C o *. e » 

d*» 

;*n:t 

*. mm .> 


: 

. 

i Z 

Hsu*. 1 

Z PI 3&» 


• i . 

-7:5 0 


. 2? i 

-.21 


i 2 

-5 r> 5 0 


11? I 

- .51 


i 3 

-45 3 0 


1 32 i 

- 72 


1 4 

-3*5 0 


2.71 i 

-163 


i * 

-2“5 .0 


3 26 i 

-1.12 


' i 

*215 C 


3 90 1 

-1 29 


“ 

-15! 3 


4 43 i 

-1 *0 


' 3 

- r ; 


5 13 i 

-1 ■’0 


? 

-25 12 


5 7- ) 

-i 91 


1 


2 4 . 9 a 


•5.04 1 

. u4 


» 


94.93 


6 02 i 

-2 i7 




144 93 


5 SO i 

-2 43 



3 

294 ?3 


5 54 i 

-2 6 0 


• 

4 

234 39 


5.42 i 

-2 94 


i 


33? 33 


5 13 i 

- 3 .21. 


1 

5 

5*1* 4. 3 3 


4 .82 1 

-3 90 



Fichlsr : GPU? 





Cc‘.t» 

des 

siren 

l mm ) 


• 

>• 



< Z ? 

Hsct i 

Z Pl.Sfts 



i 


-7.5 0 


.44 1 

- 26 



2 


-5**5 0 


.64 1 

- . 86 



3 


-46. ) 


1.16 1 

-1 00 



4 


-35: 0 


1 36 1 

-1.25 



5 


-275.0 


2 31 1 

-1 56 



6 

1 

-2.5 .0 


2 82 l 

-2 07 



7 

t 

-155.0 


3 23 l 

-2 36 



3 


-95 . 02 


3 63 l 

-2.77 



4 

t 

-35 02 


369 i 

-3 24 



10 

1 

24 93 


3 74 i 

-3.70 



11 

1 

34.99 


3.45 I 

-4 14 



12 

1 

144 .93 


3.03 f 

-4 S3 



13 

l 

204 . 99 


247 1 

-5.il 



14 

i 

294 93 


1-65 » 

-5.70 



15 

1 

389.93 


.56 ! 

-6.47 



16 

1 

SC4 98 


-.56 l 

-7.36 



M 


Non odapte 


2-D 


3-D 


Fichier = File 
Cotes des parois = 
Wall specifications 
Haut = High 
Bas = Low 
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6 


richxtr • AD122 




Cotua 

da* paroia 


(■*» ) 



N 1 

Abac. 1 

Z FI. Haut 

12 

PI. Baa 



i 1 

-703.0 1 

• 1.67 


.76 



2 1 

-979.0 1 

1 15 


1.60 



3 1 

-460.0 1 

4.35 


2.30 



4 1 

-333.1 1 

3.82 


206 



5 t 

-279.0 1 

6 70 


3.43 



6 1 

-215.0 1 

7.42 


3.76 



7 1 

-155.0 l 

8.05 


4.11 



e i 

-95.02 t 

8 70 


4.33 



9 1 

-35.02 1 

9.52 


4.83 



10 1 

24 93 t 

10.22 


5.03 



11 1 

84. $0 l 

10.95 


5.44 



12 i 

144.9-3 l 

11.58 


5 97 



13 1 

204.99 l 

•229 


6. 13 



14 i 

284.93 1 

13.25 


6 66 



19 « 

289 99 . 

14.37 


Mi 



16 1 

304-99 i 

15 - ?i 


7 73 




fxchi.r - API 43 





Cote* 

i*» re is 


ITlItl ) 


1 

N ! 

Abse . i 

Z PI Kact 

IZ 

PI. Baa 



1 ; 

V 1 

.65 


. -33 


! 

2 

-579 . 0 l 

1 59 


- . 16 


1 

3 » 

-46 0.0 l 

2 39 


- . * 



4 : 

-339 0 l 

3 23 


- 23 


1 

9 ! 

-275 . (1 • 

4. 19 


- .10 


i 

5 « 

-215.0 i 

4 92 


- .23 


t 

" i 

-195.9 i 

5 .7* 


- 27 


1 

3 i 

-95.82 ' 

b 4- 


- . j 7 


1 

? t 

-35. 02 i 

7.20 


- 24 


1 

1C t 

24 95 i 

7.4? 


-.58 


1 

11 l 

24.93 

7.44 


-.'si 


» 

13 i 

144 8 * l 

7 2: 


-i - 2 ** 


l 

VI 1 

204.53 » 

5 35 


-1.53 


1 

14 

254.93 ! 

6 37 


-1.99 


1 

15 t 

339.92 » 

5 7 5 


-2 . 36 


1 

•_ 

IS 1 

594.93 I 

5 39 


-2 . ^5 

, 



fichiar : >5Di 

23 





Cot »• 

d*» pare:.* 


Tf,m ; 



N 1 

Abac. 1 

Z PI. Haut 

■ Z 

PI 2*» 



t 

-705.0 1 

1.59 


95 



2 

-575.0 i 

3 13 


1 .62 



3 

-46 0.0 t 

4 54 


232 



4 

-355.0 i 

6 . 92 


2-87 



c 

-275 9 l 

7.12 


3. 23 



6 

-215.8 1 

9 .03 


3 35 



7 

-195.9 l 

8.99 


3.50 



a 

-93.02 1 

*.7« 


3.59 



9 

-15 .02 l 

10.16 


3 20 



10 

24 id 1 

10.41 


2 



11 

84.58 i 

10.16 


2.76 



12 

144.59 * 

993 


2 43 



13 

204 .5*9 i 

3.33 


3.17 



14 

*3*1.94 . 

• 3 - 62 


1.42 



19 

339 , i 

7.50 


1.02 



16 

594.96 • 

6 55 


.75 



M = 0.6 

<x = ♦ 2° 


Non odapte 


2-D 


3-D 


K£X 

Fichier = File 
Cotes des parois = 
Wall specifications 
Haut = High 
Bas = Low 


99 




7 




FlcHiar : AD1G8 
Cot** d«i paroi* (im) 


N 1 

Ab.c . 1 

Fl.HftUt 

12 

pj.sm 


1 1 

•70S . 0 1 

.23 

l 

-.26 


2 I 

-575.0 1 

.63 

1 

- .66 


3 1 

•460.0 1 

1.04 

I 

-.99 


4 1 

-355.0 1 

1.46 

1 

-l «s 


9 1 

-273.0 1 

1.69 

1 

-1.74 


6 1 

-315.0 l 

1.09 

1 

-1.08 


7 1 

-153.0 1 

• 1.97 

1 

-1.94 


a i 

-95.02 1 

2.2 2 

1 

-2 , 13 


9 1 

-35.02 1 

2 43 

l 

-2.40 


10 » 

24.98 1 

2 50 

l 

-2 46 


u i 

04.98 t 

2.79 

1 

-2.57 


12 i 

144.94 1 

2.82 

l 

-2 .89 


13 1 

204.90 1 

3 . 08 

1 

-3 11 


14 1 

254.99 1 

3 23 

l 

-3.27 


15 i 

399.99 1 

3 52 

1 

-3.55 


16 1 
i 

504.98 1 

4 00 

i 

! 

-3.3} 



M= 0,8 

«= 0 ° 


Non adcpte 


Fl«hi*r : Al'.it 
Cote* ;te» tarot* 


N 1 

Abac . 1 2 ?i Haut 

H ?1 . 

1 » 

-705 . 9 l 

42 

' - . 26 

2 1 

-375.0 i 

121 

l - .54 

3 l 

-460 0 ' 

1 . 23 

1 - .77 

4 1 

-355.0 l 

2.52 

1 -1.09 

5 < 

-275 . 0 l 

• 35 

-1.30 

5 I 

-215.0 i 

4 0; 

» -1 44 

7 1 

-155.3 

4 63 

1 6) 

9 i 

-95 02 , 

5 : : 

s - 1 91 

9 1 

-25.92 » 

6 1 3 

t -: .9 

10 1 

24.48 1 

6.44 

i 43 

11 1 

34.93 ! 

s .s* 1 

1 -2 48 

12 

144.99 1 

6 . 34 

i -2.43 

13 1 

204.93 < 

5 .01 

i -2 84 

14 ! 

294.93 1 

5 74 

l -3 03 

15 i 

339.49 ! 

5 55 

1 -3 40 

15 t 

504.99 « 

547 

l -381 


2-D 


FicMor : »<Dli9 



Cot** 


?*roi» 

l ) 


N 1 

Absc . 

12 P 

Kaut 

2 Pl.Bas 


1 1 

-705 . 0 


.44 

- .51 


2 l 

-575 . 0 


.67 

-.89 


3 1 

-460.0 


1.47 

-1 39 


4 1 

-355 .0 


2 .06 

-l *4 


5 1 

-275 . 0 


253 

-2.3 3 


6 1 

-215 0 


3.01 

-2.89 


7 1 

-155 . 0 


3.64 

-3.36 


8 1 

-95.02 


4 . 11 

-398 


9 1 

-35.02 


4.51 

-4.52 


10 1 

24.99 


4.96 

-4.93 


11 1 

84.93 


425 

-5.33 


12 I 

144.98 


365 

-5.60 


13 t 

204.33 


3.03 

-6 . 11 


14 l 

294.93 


2.3? 

-6 . 71 


15 1 

389.90 


1.26 

-7 60 


16 1 

504.90 
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Key. 

Fichier : = File 
Cotes des parois = 
Wall specifications 
Haut = High 
Bas = Low 
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Key to Annex 3 


Fichier = File 

Parois rectilingues = Rectilinear walls 
Symetriques = Symmetrical 
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OoAPT ATVOrtS 

TESTS WITH THREE-DIMENSIONAL ADJ US TM ENT S IN THE RECTANGULAR 
WORKING SECTION OF THE FRENCH T2 WIND-TUNNEL, WITH A» 
X1P& AS 07 -TYRE SWEPT^SSR WING^MODEL t'VSTAuueo 

he Blanchard, M. J. Payry, J. F. Breil 


gn text until 


Translation of "Essais 'd ' adaptation tridimensionnelle ' de la 
veine rectangulaire de la soufflerie T2, en presence d'une 
maquette d'aile en fleche du type AS 07," Rapport Technique OA 
34/3075 (DERAT 12/5015 DN) , O.N.E.R.A., Centre d'Etudes et de 
Recherches de Toulouse, November 1985, pp. 1-24 (plus figures). 


N86-28964*# National Aeronautics and Space Administration, 
Washington, D.C. 

TESTS WITH THREE-DIMENSIONAL ADJUSTMENTS IN THE 
RECTANGULAR WORKING SECTION OF THE FRENCH T2 
WIND TUNNEL WITH AN AS 07-TYPE SWEPT-BACK WING 
MODEL 

A. Blanchard, M. J. Payry, and J. F. Breil Jul. 1986 161 p 

Transl. into ENGLISH of “Essais d’Adaptation Tridimensionnelle 
de la Veine Rectangulaire de la Soufflerie T2 en Presence d’une 
Maquette d’Aile en Fleche du Type AS 07” rept. OA-34/3075, 
DERAT-1 2/501 5-DN ONERA, France, Nov. 1985 p 1-24 Transl. 
by The Corporate Word, Inc., Pittsburgh, Pa. 

(Contract NASw-4006) 

(NASA-TM-88442; NAS 1.15:88442; OA-34/3075; 

DERAT-1 2/501 5-DN) Avail: NTIS HC A08/MF A01 CSCL 14B 
The results obtained on the AS 07 wing and the working 
section walls for three types of configurations are reported. The 
first, called non-adapted, corresponds to the divergent upper and 
lower rectilinear walls which compensate for limit layer thickening. 
It can serve as a basis for complete flow calculations. The second 
configuration corresponds to wall shapes determined from calcula- 
tions which tend to minimize interference at the level of the 
fuselage. Finally, the third configuration, called two-dimensional 
adaptation, uses the standard method for T2 profile tests. This 
case was tested to determine the influence of wall shape and 
error magnitude. These results are not sufficient to validate the 
three-dimensional adaptation; they must be coordinated with 
calculations or with unlimited atmosphere tests. Author 
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NOTATION 


Yp t Cartesian coordinates in the reference working section 
Zp J (porthole axis) 


Cartesian coordinates in the wing reference (leading 
edge to socket) 


Profile chord of the wing section considered 


Angle of the model (fuselage axis) 
^r^ j-rrrfc e Mach o f ' ^t h e 


Local Mach (wing or wall) 


1 P Vo" 

7 )• 


Pressure coefficient 


2 Local or complete-wing lift coefficient 

Cl l ”” 1 • Kp ' A (tb) 

£. = F ‘ - 

| 5 0i ( e 
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A0A#>V<A-no*/4 

TESTS WITH THREE-DIMENSIONAL A DJU S TMEN TS IN THE RECTANGULAR 
WORKING SECTION OF THE FRENCH T2 WIND TUNNEL, WITH AM 
-Tfper AS 07-TO^ SWEPT-BAg* WING MODEL I Nsrrti_ueno. 


A. Blanchard, M. J. Payry, J. F. Breil 


1 - INTRODUCTION 


/ 7 * 


This test series follows a study done in the T2 wind tunnel 
with the goal of defining a shape for the adaptable walls which 
would minimize their influence on three-dimensional o bject s 
placed in the center of the^section or fastened on the sidev-«Jl(. 


-to &C I'- ■&Ktas f , x C' I 

The present conf iguratipn «of 0 the working section does notft rxi 

-Vs Vx ow-t J -y— I « . 

allow obtai»4r«g--a shapes .identical to tha t ..o f the -lay or of 
v^lJU * | . (J 

gw : rent existing around a three-dimensional model in m* lim r-ted- w^rJ LwJC 

iX')^ t_ v y ^tx 


(two completely r e cti l i ne a r and parallel lateral 


walls, two flexible and bendable upper and lower walls). The 
planned solution thus consists of using the two bendable walls 
to minimize the influence of the walls on the model. 


The method implemented uses solutions developed by "E. 

Wedemeyer and L. Lamarche "^[^ . ^ A first series of tests was 
done in cooperation with the ^University of Berlin on various 
existing models [6]s 

- a C5 revolving body 166 mm long, 0.3% blockage; 

- a civil F4 airplane model with 120-mm wingspan and three- 
component balance; 

- a duck- type military airplane model with the same balance. 
Another series of tests was then done on a bigger model r 7 J : 

- a C5 body 400 mm long, 1.8% blockage. 

w 

*Numbers in the margin indicate pagination in the foreign text. 
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The results and calculations were compared. 


Ot*, 


The calculation method was optimized for re- vxrlviT tg bodies 

ttbt 

placed in the center of the A section; an extrapolation was tried 
which placed a half-wing at the wall. In this case, calculations 
-is- done as if the section were twice its actual width, using the 
Mach distribution at the wall measured near the plane of 
symmetry. 



The results obtained on the "16/1000-scale" AS 07 are 
discussed in this report. They can be divided into two groups: 
control tests and systematic tests. 

! JU 

Included in the first group is control of w-i n g --a n g ling by 
rotating the walls. The of the jacks would not permit then ML j) J) 

displacements g ^B^re d ^fey - calculation for nn.gl i ng the model%© ' ' 



+2*; we thus used this artificial method after h aving verifiasU 


its validity. 




The three-dimensional adaptation method supplies the 
optimal shape of the walls from the first calculation, whatever 
the initial position of the walls; this was verified in /8 

several test configurations. Finally, an adaptation called ^ 
" twgjdimensional" was tested; it uses the normal method for T&2-0 
pr a #- i :Q- tests . This case, without theoretical justification, 

5lv<Af *-0 

jice of the e hop e- of the wall^and the 



The second part of this study corresponds to systematic 
tests: four configurations were chosen which gave different 

lift coefficients, without making highly supersonic zones appear 
on the profiles. For each configuration, three wall positions 
were tested: 

- The first, called "unadapted," corresponds to the upper 
and lower divergent Rcotili-noar walls compensating for 
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thickening of the li-m-tt layers; it served as our basis 
for beginning three-dimensional adaptation calculations. 
These particularly simple limit conditions can also be 
used for complete calculation of the flow in the working 
section. 


- The second wall shape comes, from the three-dimensional 
adaptation calculation; the flexible sheets are 


positioned before the gtn?t » 




/IM - IV 


- Finally, the last case corresponds to "two-dimensional 

Wv , 

adaptation"; the iterative process converges a« a single 
gust.. 


„ . 

A.U. YW • 


l fvAMA/S 

For each type of test, three gtt-s-fes A are necessary to obtain 
readings from the six rows of pressure recorders spread along 
the AS 07 wing. 


The experimental results gathered during this series are 
not sufficient to validate the three-dimensional adaptation 

method used. Additional calculations m^ust be made to estimate 
residual corrections. In these tests, a* - ne gligible -influence of 
the walls is observed for low lift values or low Mach number 
inversely, for 2 degrees of incidence or for Mach 0.8, the 
become significant and can in part be interpreted as variations 
in aerodynamic incidence. 



2 - ADAPTATION PRINCIPLE 


The purpose of the adaptable walls is to create an 

iml4«iLted>f low around a model, in a working section with finite 

dimensions; this can be done by controlling the wall conditions, 

either by their shape in the case of solid walls or by flows of 

mass through porous walls. The first solution has been chosen 

at T2, where flexible sheets moved by jacks form the upper and 

. WxJUU, 

x °wer pira te s- of the working section [3], 
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In the case of a three-dimensional body, it is necessary to * 

bend the walls located around the model to arrive at a shape 

J t I' ■ « . , . . 0, - 

layer of / ?Mrrpny v,ef, ng around the model in ym i gtalA od joJL 

— "u\ ? 

e.t This solution is not at present possible atit T2, but 
on the other hand it is possible to use the two flexible /9 

walls to minimize residual corrections due to the influence of 
the walls on the obj ee 

2.1 Two-dimensional adaptation 


The details of the process will be found in f 2 J and 

[4] ; it uses a coupling between the real flow in the working 

section (internal field) and a calculated v ireu a-jHf low outside 

the wind tunnel (external field) . Coupling occurs on a control 

surface near the walls through speed vector components. 

Adaptation is achieved by an iterative process acting on the 

s/t JUnifc. ‘Re- 
shape of. the walls; the components of the— speed ©«- the control 

surf ace^become* available at each iteration; they are 

extrapolated from the pressure measurements at the wall. The 

velocities needed on the control surface to achieve an unlimited 

external flow are calculated by the Green function following an 

inverse method. A method of optimized relaxation between the 

internal and external flows for the vertical velocity component, 

followed by an integration along each flexible wall, supplies 

the new shape of the wall. The real shape needed is obtained by 

adding the thickness displacement of the four wall limit layers. 

2.2 Three-dimensional adaptation 


For three-dimensional adaptation, the process is 
different [5] : it uses seheata tization of the model throu g h <= 

distribution of sourceaajid vortices in a narrow horseshoe , 
Placed on the section a xis. This s charo a bi -a ati on g X r Vos- -a good 
re pc s o n t j ^on ^-o f ax i symmetrical bodies mounted in the middle of 
the working section. 

pc tdt-’iM'* 1 ' 
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The originality of the method lies in then doing a 
linear transformation, which permits passing directly from 
distribution of velocities at the walls to the adapted form 
without needing to determine the intensity of singularities. 

The optimized shape of the walls is thus theoretically obtained 
from the first calculation; this shape, which is not exactly 
"adapted,'" minimizes residual corrections on the model caused by 
the influence of the walls. 


/) Using this method for a half-wing at the wall .is 

Ccr*W'4-<A~ — ■) / 

atmis-ive, because the b a se-sc h e roatigat - io -rr- does not re pre se n t *a 
wingspan; it has nonetheless been tried here by replacing the <***• 
lateral doer by a plane of symmetry leading to a 
double section width, and taking the Mach distribution of the 
flexible walls near the plane of symmetry as reference. 






3 - EXPERIMENTAL EQUIPMENT 

^ eil 

The T2 transonic wind tunnel i-s pressurizabie and can 
function at low temperatures; only minimum-pressure and ambient- 
temperature tests we re^ deeej. during this series. 


3 . 1 Working section equipment 


/10 


The working section has an almost square section of 
; 2 

0.39 x 0.37 mm at the entrance. Flexible sheets of Invar 
make up the upper and lower walls, equipped with three rows of 
pressure recorders whose coordinates are given in figures 7 and 
8. The sbe^b-positioning mechanism is described in [2], [3], 
and [4] . W 




W/ 6 . 


The left lateral deer has three portholes with 
pressure recorders placed along horizontal and vertical lines 
whose coordinates are shown in Figures 7 and 9. 
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The pressure recorders are linked to tebe Scanivalves, 
each of-.wk pg c ^hc a q k can observe 48 positions in 5 seconds. 


The position of the wing in the working section is 


given in figure 6. 

^-ocrr^Cc 

The Mach number of the flow is set by a se eo r t d 
controlled by the computer which controls the 





F. 




wa^» used. 


No other equipment or wind tunnel measurement method 


3 . 2 Mounting the wing 


Ulj- 


The AS 07 wing A model with a scale of "16/1000" is 
shown by the photographs in figure 5. The method of mounting 
the wing on the wall is shown (figure 6) , the plane of the wing 
and its specifications are given (figures 10 and 11), and the 
shape of the prof ile^wt«K^e3mp^^--i± A and the positions of the 
pressure recorders are indicated (figures 12 and 13). 

aJt’ -J f <A; oXz -A 


•'vi -J 


There are six rows, each with 16 recorders on the 
inner and outer sections and one on the leading edge; they are 
placed across the wingspan so as to form lines with constant 
chord percentages. These recorders communicate with tubes 
placed in grooves along the wingspan; each tube communicates 
with three recorders (either on the external wing or on the 
internal wing) . When one of the three rows of recorders is used 
to measure pressure, the other two are covered with thin (0.05- 
mm) adhesive strips. It is thus possible to simultaneously 
measure pressure on two sections of the wing (one internal and 
one external) ; measurement of velocities over the entire wing 


thus requires three different 


/lus>i4y . 


The wing is mounted on a half-fuselage linked to a 
porthole, whoae rotat-fe© eiy at^ re o - the angl i ng o£ r t]je wing- 

wClJL ~"W 

/lAatU- 
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dLf,U: 

fuselage assembly; the angular reference is the reo t -Hrinear part 
on the back of the fuselage [1]. 


3.3 Acqu 



rams 


isition and- e-x aminatra ru prog ri 

The T2 wind tunnel is linked to a teaun^Qf two -\zz~vjl 
computers, one concerned with creating and re gul a ti ng the g«&t 
and the other with obtaining data and storing measurements to 
disk at the end of W*e . 

These tests are p ur s u ant 4 - to the series done on the /II 
C5 body and use its principal elements. 


Disk cartridge 


LU 26, Program 

LU 34, Test files, calculation files 


Acquisition program 


(TEACQ) 

(RAFAL) 


^CQ) — _ 

71T.I *— t 


•PARC 5 (lance ACQC5) 


Fixed walls : 

No adaptation * 
during gu s- t ~U^^x 


or 


PARC S (uses PROJ and ADAP.) Two-dimensional 

adaptation 

Initialization of programs rwith (TR,) RINC 5 (For PARC 5) 

I or (TR, ) RINC S (For PARC S) 


Test file 


AD test number 


from AD 100 to AD 173 
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mai l positioning file 


any test file 
or calculation file 
or special file AD 4: 

AD 444j 
AD 445; 


AD 

AD 9 --- 

Divergent r ootilin e- ar walls &£ 
symmetrical Xowi-t'-layers. 

GJTxJir* 

AD 4 + 10 ' ^rotation upward 
oo cXo 

AD 4 + 30 ' ^rotation upward 


Jtl 


Three-dimensional adaptation calculation 


Calculation from a test file AD — 


VKJ 43 Calculation of wall shapes without rotation 


VKI M Calculation of wall shapes with rotation 


- section length 780 mm 

- ratio c - h/b - 2.1081 

- reference recorders: 
right lateral RL 

- weighting coefficients 
file VKJ - R (cartridge 
LU 43) 



A. 5 JO 


mm 


7 80 m 


—♦Filing to disk 


File for new calculated wall shapes 


AD 9 


beginning test number for the calculation 


Programs, for examination of AD--- files 


LTCS: 


- graphs local profile Mach numbers 

- graphs Kp 

- lists AD file 

- calculates Cz 
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LTC 51: 

- graphs wall Mach numbers 

- graphs wall shapes 

starts LTC 52 (does an RP, LTC 52) 

l LTC VK : 

- graphs only wall shapes calculated by VKI 43 or VKIM 

(from AD 9 ) . 


- SUMMARY OF TESTS PERFORMED 


A previous study was done on the AS 07 wing fl] . We 
rified in one case that the same results would occur, although 
[he working section was modified when the T2 wind tunnel was 
for cryogenics. 



The first control tests were done by measuring rows 2 and 5 
pressure recorders for the Mach numbers and incidences 
idicated below: 


o<\ 

0,6 

0,7 

) 

0,8 ) 
) 

( 

( + 2® 

X 

X 

) 

X ) 

( o 

X 

X 

X ) 

( -2° 

X 

X 

) 

( 



) 
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Four configurations were selected for systematic tests: /13 



['hey correspond to a sampling of lift coefficients and to - an 

, , , 

Infinite Mach e££ec t ^ - u petf^iHn , while limiting the supersonic 
jones which appear on the profiles. 


Figure 1 shows the list of tests in chronological order, 
^nd figures 2, 3, and 4 classify them by configuration. 


We first showed that rotation^f* the upper and lower wall 
' ang4iwg-^the model at the same^angle. 


las equivalent to 


Thi 


TT U A 


was made necessary because the of the jacks did ' 

>t permit the displacements required by calculation of 
iree-dimensional adaptation for a model incidence of +2*. 


Divergent re c til inoar walls 


| 

• -Me 

( 


) 

Of , ( « Vl*l' 

0,6 

0,8 j 

6eo»l- ( D'J 5-tflA^ 


) 

( 


) 

4 oo ( +2* AD 4 

AD 120 

) 

( +1.5° AD 445 

AD 122 

) 

( 


) 

( 


) 

o* ( 0° AD 4 

AD 107 - AD 109 

AD 108 - AD 132 ) 

( -0,5° AD 445 

AD 137 

AD 139 ) 

( 


) 
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- Three-dimensional adapted walls 


/14 


Mo 


a€rod. 


( 

( of CALCUL 
( 

0,6 

) 

0,8 ) 
) 

( 


) 

( 0* VKI 43 

117 

AD 119 ) 

( -0,5' VKI M 

138 

AD 141 ) 

( 


) 


The three-dimensional adaptation method theoretically 
supplies the optiirisT shape of the walls from the first 
calculation, whatever the initial position of the flexible 
*&e46-ts. e©rr£r&is were done in this respect for the following 
configurations: 


Mo 


< * 

( fll44P'«V 

, °» 7 

) 

0,8 ) 
) 

( 

( + 1 ,5° 

( 

( 

( 


) 

AD 127 (1) ) 

AD 128 (2) ) 

AD 129 (3) ) 

) 

( 

( o° 
( 

( 

AD 115 (l) 
AD 116 (2) 

) 

AD 118 (1) ) 

AD J 19 (2) ) 

) 

( 


) 

( -0,5* 


AD 140 (1) ) 

( 


AD 141 (2) ) 

( 


) 


he figure in parentheses after the file number indicates the 
rder of the iteration? the wall-positioning file thus results 
rom calculation of the preceding test. (Iteration (0) is the 


est done with c^c-fcir iin eQ-r . walls. ) 


We also verified that the tests called "two-dimensional 


Captation" converged rapidly, as is the case for the pr o f i - lc 2.0 
ests? it is sufficient to compare the wall position*, of 
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(/v/vw»*i) 


the 3rd and 4th iterations, defee during the same gtr^fc; the two 
positions are always close. In general, the beginning shape 
chosen is near the adapted shape, but we have tested this 
convergence in the two particular cases when the beginning shape 
was far from the adapted shape. The begjtaninqfiLechosen was 
ad 4s r^trrl 1 i«e *r walls divergewfcJ^p Aiini^ J ^y j&i x ^- an^ 




Configuration: Mo = 0.7 oc = +1.5* File AD 130 (1) 

Conf iguration; Mo = 0.8 oC = 0 * File AD 133 (1) 

followed by File AD 134 (2) 


Comparisons were made between the various wall positions; 
:hey are noted: 

- "Non," for divergent ifo ct il ineeH : walls 

- "2D," for two-dimensional adaptation done with the PARCS 
program 

- "3d," for positioning of the walls in the shape 
calculated by the VKI 43 or VKI M program 


It was decided to do systematic tests for the three cases 
>f "adaptation," the non-adapted case serving as a basis for 
:hree-dimensional calculation (any wall shape will work) ; this 
:ase can also iserve as a basis for complete flow calculations, 
>ecause here the limit conditions are particularly simple. The 
:wo-dimensional adaptation, the subject of the 

;tudy, was systematically tested to use as a comparison with the 
tssumed optimal shape. 

Finally, four configurations for three cases of adaptation, 
^produced three times to have the velocity field on all of the 

• "twwvj( , 

' ln 9, were tested; these 36 gtH^fcs^make up the systematic tests 
Listed in figure 26a. 
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5 - CONTROL TESTS 


We will not present all the tests done, but only a 
selection of cases judged most interesting, since the goal of 
this series isT not to evaluate the AS 07 wing. 

C c f ^ f (£*-' 

5 • 1 Afterlirng by wall rotation 

Of the five configurations tested ( par a grap h 4), three 
are presented. The first corresponds to Mo = 0.6 and = +2* 
for walls (figure 14); this is the configuration 

kA, 

which obliged us to use this art - i&Poc , as the three-dimensional 
case could not be tested. 


Figure 15 shows the comparison of Mach numbers on the 

walls and on the wing, for an aerodynamic incidence equal to 0* 

and a Mach number equal to 0.8, in the case of r coti lin e-ax. 

walls. Figure 16 presents the same configurations but for wall 

iO 

shapes coming respectively f rom^calculations VKI 43 and VKI M. 

3;p ^dUr f 

The results of # figures 14 and 15 show^that the high 

but the/i ^w &* 


Mach case is the most 


tests remains good. Figure 16 .shows that the VKI M calculation 
makes perfect allowance for to tal rotation. 


l 

It is thus possible to di -s pl ay a model incidence 
different from that desired and to compensate by rotating the 
walls. 

5.2 ^ Convergence^ 


Ok 


.7 .A 


5.2.1 Three-dimensional adaptation 


^Jeveral calculations for optimization of wall 
shape were ^onn e e te d ^-for one configuration. The last test is 
always recalculated, leading to a wall shape which by definition 
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vill not be used, but which will in fact constitute an 
additional iteration. 

Of the four tested cases, two are presented in 
figures 17 and 18; the first (Mo = 0.7 and = 0*) shows that 
:he adapted shape is practically obtained from the first 
iteration; in the second case~-much more difficult (Mo = 0.8 
and Of = +2") — it is necessary to wait for the second r, 

;alculation. This second case corresponds to a- fr ee ly 
supersonic regime of the wing which will not be studied 
systematiceilly herein. 

5.2.2 Two-dimensional adaptation 

In all tests done, the 3rd iteration is always 
identical to the 4th and last iteration of the gae t-, even when 
the upper and lower walls have been prepositioned in a shape 
|?ery different from the "adapted" shape. This is the case shown 
in figure 19 corresponding to Mo = 0.8 and oC = 0*. 

To confirm the validity of this statement, a 
second test was done, positioning the flexible &kee4s o n fch e~£> 
Jrece^ding shapes the values obtained can thus be considered to 
:orrespond to the 4th, 5th, 6th, and 7th iterations of the test; 
:hey are all identical (figure 20), which confirms that the 
ronvergence was |well obtained. 

5 . 3 Non/2-D/3-D comparison 

Two cases are presented here, one of which is not part. 
>f the systematic tests: 


- Mo = 0.7 oc = 0" 

- Mo c 0.8 <*. = 0 " 
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gaps ^observed 




The gaps^observed following tj^e^types of "adaptation” 
become more significant as lift and'^Mach number d p strea m- 
increase. The adaptation called "two-dimensional" gives results 
nearer to the non-adapted case; in fact* everything happens as 
if the aerodynamic incidence of the two-dimensional case were 
higher than that of the tests with^a w^ll shape adapted in three 
dimensions. On the other hand y ^ec ti$ineag^ -walls lead to a 
higher effective Mach number upstream (blockage effect) . 


In the first case^(f igure 2ltt the 


are moderate; 


:ase . 


:hey are more significant in the second case (figure 22) ., f) 

jnkk si* pa 

)bservation of the *-of the walls leaving the o onverg ent ^ 

(figure 21) shows that., effectively^ the direction of the flow 
jpstream is no longer horizontal in the "2-D" case, unlike the 
'3-D" case; the angular ref erence^was^g^ven by the "non-adapted" 

?ase. The effect produced is i ncon^ es t a o le ^ because we /17 

previously demonstrated that rotation of the walls , a = g»effl04rv - 
lodified the aerodynamic incidence of the model; however, this 

, , , ^ fc'v-fcrf* 

s not sufficient to prove thal^ the 2-D case is e- rr e- neoire , A 

iecause the direction of the cur r en t* lines in unlirnirtecT Trt - a 
■tmo&piLexe— - i-s^not known. We note also the very different shapes 
f the walls downstream; they go downward for the "3-D" cases, 
hich is logical allowing for the chosen 

fiorseshoe vortex) and the calculation made (in the plane of 
ymmetry) . But once more, that does not prove that the shape 
btained is optimum. 


Finally, one can observe on the last figure (23) that 
ie effect J pyrnhret* d==fe^modifying the shape of the walls is not 
instant across the wingspan. This was predictable due to the 
irking section geometry itself, allowing for twist of the wing 
id for three-dimensional effects. 
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5.4 Visualizations 


rU/~ 


For three configurations! 




oil visualizations were done 


on the left 5 4e<w? of the working section, giving the direction of 
the oujcren^lines 55.4 mm from the end of the wing. Reference 
marks were made, making it possible to locate the positions 
relative to the e urrenV ^lines and to measure their deviations. 



<=3 


The end of the wing is located between the abscissas 
91.06 mm and 135.86 mm from the porthole (figure 6) and very 
near to the section axis (function of the incidence) . 


section 
25, and 


The maximum deviations noticed are located on the 
axis slightly behind the tip of the wing (figures 24, 

26) . i 




( 
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or 
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) 

) 

( 
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' _ ) 
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[ 0,6 
( 

-2° 
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„ n e» ) Figure 26 

) 

) 
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The photos taken from behind clearly show the /18 

eviations of the cu*r e n fe * -lines. 


- SYSTEMATIC TESTS 

t^A'v'a 

For the 36 gue^ts^that made up the systematic tests 
pa^ag^aph 4 and figure 26a) , the following information is 
iven: wall shape (figures 27 and 28) , Mach numbers of the 

hree rows of recorders on the adaptable walls J^i<|ures 29, 30, 
1, and 32), Mach numbers of the left lateral d o or (figures 33, 
4, 35, and 36) following the horizontal axis or the three 
erticals, and finally spread of Kp on the AS 07 wing (figures 
7 to 44) . 

Numerical values for these curves are given in the attached 
est listings. File numbers corresponding in chronological 
rder to the experiments were kept in the interests of clarity. 


Here will be found a systematic comparison of the three 

ases of adaptation--"Non/2-D/3-D"--and their influence on the 
“cXwo&o 'tv* <tf- wLJl JL. 

listributions. whose principal characteristics^were seen in 

ar- ag raph 5.3. 

Finally, .integration of Kp for each section supplies local 

ift coefficient Cz. The values are tabulated in figure 45; 

ey were traced along the wingspan of the various 

onf igurations tested (figures 46 and 47) . It is observed that 

he internal wing changes less rapidly than the external wing 

. . t i/A. - ; 

ith incidence (figure 46) or^Mach number opgt - r eam (figure 47) . 

On the other hand, the between the "non-adapted" and 
adapted 3-D" cases increases with the lift. 
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Local Czjwere multiplied by the chord of the profile in the 
; ection considered; the product Cz * C represents local /19 

contribution to wing lift. The values obtained were traced in 
•his representation (figures 48 and 49); this weighting modifies 
-he appearance of the curves ("elliptic" distribution plane), 
jut the observed tendencies are the same. 


Finally, integration of the curves in this last 
epresentation supplies the overall lift coefficient of the 
ing, which was- reported as a function of incidence (figure 
[SO) . We have also reported the lift measured during the 
receding series [ 1 ] tween reel^S^ar walls for a Mach 
umber upstream of 0.47. The effect of compressibility is felt 
ore as supersonic zones develop on the wing. 


- CONCLUSION 






This series of tests on the AS 07 wing is as a 

tudy on three-dimensional adaptation of the T2 wind tunnel. It 
ses the two flexible walls to minimize residual corrections in 
he presence of a three-dimensional model. It implements the 
Wedemeyer and L. Lamarche method where s ch e ma t - iaat -* on <of 
Ihe model by a distribution of singularities adequately 
jepresents an axisymmetrical body. Extrapolation of these 
thods in the case of a half-wing- a%t*e-wail^as no ultimate 
al; it serves merely as a preliminary phase, to observe the 
ifluence of wall shape *n various sections of the wing, to 
udy the convergence of the method, and to make adjustments 
notation of walls, incidence, etc.). 


On the other hand, these experiments can serve as a basis 
)r calculating potential three-dimensional flow around. the 
>del. Then, a three-dimensional obj e e t placed in the?section 
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-ould be more elaborately^ ahomat - ioia od; it would lead to 
development, as for axisymmetrical bodies, of a method of 
adaptation minimizing the influence of the walls on the model. 

At present, it is difficult to know if the shape called 
'adapted 3-D" is nearer to the values of u nlimite d atmo s ph e re s*** 
than the shape "adapted 2-D, " but it is definitely not the 
optimum shape. >t4 j - 

w^A\ * S 

The tests will by* directional 1 - imi -t flayer 

c^eSding^^on the lateral^all at- t - h e level o f tho - end^of the 
wingty?. The direction of the lines in this area will be 

an important element in the ruality-calculation comparisons 
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